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Grandstand Play! 


NO VIEW-OBSTRUCTING PILLARS 
IN PRESTRESSED CONCRETE STADIUM 


(Right) With soft underlying mud limit- 
ing foundation soil pressure to 500 psf, 
shell concrete footings were used over 
gravel to distribute load. 


@ Spartan Stadium is an example of what can be accomplished with 
modern methods and the most modern of structural materials—pre- 
stressed concrete. And once again, Incor®—America’s first high early 
strength portland cement—was voted ‘“‘most valuable player.”’ 


The structure was assembled from precast, prestressed concrete units, 
drawn together by high-tensile-strength cable. Its slender appearance be- 
lies its ability to withstand earthquakes, 87-mph winds and as much as 
95 tons of snow. 


The structural frame was composed of eleven “F’’-shaped units, each 
consisting of a slanted “‘backbone’”’ column, a saw-toothed diagonal seat- 
supporting beam, and a cantilevered roof beam. All of these members 
were precast and prestressed—pre-tensioned on casting beds, and post- 
tensioned in assembly. Erected by crane, they were joined together with 
steel cables which were tensioned by hydraulic jacks to forces as high 
as 200 tons. 


Seats were formed of prestressed L-shaped units placed on the saw- 
toothed members, and the roof consists of thin prestressed slabs resting 
on cantilevered beams. 
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Title No. 56-54 


Phil M. Ferguson, professor of civil 
engineering, University of Texas, Aus- 
tin—retiring president of ACI—points 
to the expanding role of ACI inter- 
nationally and the increased activity 
of technical committees. The industry 
is reminded of the problems needing 
solution, three examples being uni- 
formity of concrete strength and 
properties, adequate inspection, and 
industry research. 


ACI in an Expanding Role 


PHIL M. FERGUSON 


MM Each YEAR THE PRESIDENT OF ACI has the privilege of presenting a 
few personal remarks to the annual convention. It seems appropriate 
this year that this discussion revolve around (1) the increased role 
which ACI is playing internationally, (2) the increased activity under 
our revised rules for committee work, and (3) some of the problems 
which face ACI. 

In 1924 your president made his first trip to New York City to start 
his first full time engineering job. In 1930 he became a member of ACI. 
The last 30 years have made fully as many changes in the American 
Concrete Institute as they have in the New York skyline. 


INTERNATIONAL OPERATIONS 


In membership, the 2565 members of 1930 have increased to some- 
thing over 10,200, after dropping to less than 1200 in 1935. The present 
organization owes a real debt to the officers and staff who persevered 
during the depression years of the thirties and kept the Institute a going 
organization. 

Membership growth abroad has more than kept pace with that in this 
country. There are now, outside the United States and Canada, 1800 
mémbers in 84 different countries with an additional 1200 overseas 
subscribers to the ACI JourNAL in 71 countries, including 12 countries 
which are not represented by members. The total of members and 
these subscribers thus becomes about 12,000, of which almost exactly 
one out of every four are outside the United States and Canada. Thus 
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ACI is more of an international organization in its influence than many 
of us have realized. Not only do people of other countries learn of what 
we are doing here, but we are the recipients of many discussions and 
papers from these countries. The international flavor in ACI will doubt- 
less increase, rather than decrease, as jet travel brings us closer 
together. 

Past President Douglas McHenry should receive credit for initiating 
positive steps, during his presidency in 1958, to bring about formal 
contacts with European engineers. In addition to his personal contacts 
abroad, he appointed a liaison committee to discuss with CEB, the 
European Committee on Concrete, proper ways and means of closer 
cooperation. The first result of this was an invitation for ACI to send 
observers to the meeting of CEB in Vienna last April. It should be noted 
that this was a high level conference, official or semi-official, with 
representatives from most of Free Europe. Its purpose was the pooling 
of research reports and research efforts as the first move in the direction 
of a unified basis for building codes in the respective countries. These 
ACI representatives brought back the most encouraging accounts of the 
reputation of ACI and its JouRNAL in Europe. 

Since that time it has been my privilege to name the three original 
ACI observers to an official ACI-CEB Collaboration Committee. The 
ACI representatives on this committee are: Eivind Hognestad of the 
Portland Cement Association Research and Development Laboratories; 
Chester P. Siess of the University of Illinois; and Raymond C. Reese, 
chairman of the ACI Building Code committee and the incoming vice- 
president of ACI. The permanent European members are Prof. F. Levi 
of Italy and Prof. G. Wastlund of Sweden, and there is a third European 
membership which rotates among a group of six men. With coopera- 
tion on both continents, and in this country under the vigorous leader- 
ship of Dr. Hognestad, the translation of important CEB documents into 
English is well underway. 

Also in its meetings and conventions ACI is moving toward inter- 
national cooperation.. In 1956 the regional meeting was in Montreal, 
Canada, with an attendance of 486, a near record. Strictly speaking this 
was our first international regional meeting (there was an annual meet- 
ing in Toronto in 1934), although Canada has always seemed more than 
a neighbor and its engineers have been most active in ACI. Many of you 
will recall the late R. B. Young as a past president (1940) and later an 
honorary member in 1953. Rather recently Hugh C. Ross of Toronto 
was an ACI director. Now Canadian members are on the Building Code 
committee and many other ACI committees. 


From our southern neighbor Mexico, Senor Barona de la O has served 
as a director, and the successful regional meeting, last November, in 
Mexico City is still pleasantly fresh in our memories. Dr. Rosenblueth 
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of Mexico City is a member of the ACI Building Code committee. A 
regional meeting to be held in Caracas, Venezuela, has recently been 
under discussion as an extra meeting, not as a substitute for a regional 
meeting in this country. 

A Spanish version of the Committee 616 report “Guide for Painting 
Concrete” and the ACI Standard on portland cement paint, ACI 616-49, 
was approved by the Committee on Spanish Translations, consisting of 
ACI members in Mexico, Panama, and Peru, and published cooperatively 
with the Instituto del Cemento Portland Argentina. The committee is 
now reviewing translations of the ACI Building Code and the Reinforced 
Concrete Design Handbook. Interest has been expressed in translating 
the ACI Manual of Concrete Inspection. An Italian translation of the 
Concrete Primer has been printed and distributed, and permission has 
been given for a Norwegian edition. 

The incoming president, Prof. Joe W. Kelly, has a keen interest in 
international relations and is currently chairman of a special committee 
studying how ACI can be of more service to members outside the United 
States. It is definitely true that ACI does not want to compete with or 
be detrimental to any engineering society in other countries. Yet ACI 
officers see large advantages to all from the wider exchange of informa- 
tion and papers between countries all over the world. As of today ACI 
is the most available medium for this international interchange. 


ACI COMMITTEE OPERATIONS 


Those who thought they had no interest in the committee sessions 
of yesterday and today have overlooked a rich portion of the convention. 
These open committee meetings are among the most inspiring sessions 
of the convention, giving the members a chance to hear what is devel- 
oping before it is ready to be put into print. Started as an experiment 
not many years back, the full day and a half for committee meetings 
has developed into the high point of the convention for many. If you 
missed it this year, make a note to include these days at the convention 
in St. Louis next year. 


The ACI philosophy of committee work has been changing over the 
years. ACI has many committees because technical progress either 
originates in these committees or the new developments are there given 
the critical review necessary for public acceptance. Some of these com- 
mittees are semi-permanent in nature, but committee chairmen are 
given only a 3-year appointment and are expected to achieve results 
in that time. Although a l-year reappointment is possible and is often 
made under special conditions, normal procedure calls for the chair- 
manship to move to another man at the end of 3 years. The ex-chairman 
is expected to continue as a committee member to maintain continuity 
in committee thinking. 
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Under ideal conditions many committees should complete their mission 
in 3 years. But committees work on donated time and without travel 
budgets. Hence they proceed somewhat slowly at times because of the 
inertia associated with correspondence. Nevertheless, when a chairman 
fails to make his requested annual committee report, this usually means 
little work has been accomplished. Such an omission automatically 
places the committee on the agenda of the Technical Activities Com- 
mittee and raises the question as to whether the committee should be 
discharged, a new mission given to it, or simply a new chairman 
appointed. 

ACI has no honorary committees. If a committee has completed its 
assignment and has no immediate task ahead, the committee is dis- 
charged and only the committee’s name, mission, and last activity are 
recorded in the directory. Such a committee can be reactivated when- 
ever a new task appears, as happened this past year when Committee 
505, Reinforced Concrete Chimneys, was reactivated to study the special 
problems created by the increased use of forced drafts in chimneys. 

Under this system the number of committees has considerably in- 
creased until now there are 51 committees, many with their own 
subcommittees. Some 580 individuals serve on these committees and 
many of these work on more than one committee. Your president is 
awed at the number of man-hours given by these busy people in devel- 
oping committee reports and standards. While we are indebted to these 
gentlemen, we can also say that they are solving their own problems 
by cooperating with others. I venture to suggest, if any ACI member 
has a problem which he believes would profit from committee study, 
that a letter from him might activate a new committee and possibly 
even give him a new committee job. 

Committee membership is an honor. Committee members have the 
privilege of presenting their ideas for critical review and of being 
among the first to learn of new developments and ideas in their field 
of interest. But committee membership is never honorary; it implies the 
duty of contributing to committee work. If a member fails to answer 
his mail, he may quickly become an ex-committee member. 

As a result of committee work, publications and standards have kept 
pace with the general ACI growth. In 1959 the JourNAL consisted of 
2220 pages compared to 1490 pages as late as 1954. Today we have 
scheduled the presentation of three new committee reports and if you 
scan your program you will note that other committees are represented. 


CONCRETE INDUSTRY PROBLEMS 


One should not gather from the foregoing that the work of ACI is 
complete nor that the concrete industry has reached the place where 
it can be content with past honors. In many areas in the industry 
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conditions now exist that are wholly unsatisfactory. Without attempting 
to exhaust this list I shall refer at this time only to three: uniformity 
of concrete strength and properties, adequate inspection of construction, 
and adequate research. 


Strength uniformity 

The industry is well aware that concrete strength, under properly 
controlled conditions, can be maintained reasonably uniform and quite 
close to the desired level. The ACI Building Code committee is ready 
to include procedures which utilize all of the dependable strength of 
concrete. However, the Code committee knows and the industry knows 
that it is not likely to obtain uniform strength unless the engineers 
on the various jobs exercise more than the present usual care in super- 
vision. As a matter of fact, variation in concrete strength on the job 
is one of the most costly factors now entering into concrete construction. 
It does no good to have an average strength of 3000 psi on the job if 
this means that some strengths, because of loosely controlled procedures, 
are as low as 1500 psi. The speaker has no easy solution for this problem 
except to caution designers to consider this concrete as 1500-psi con- 
crete and not 3000-psi concrete. 

In some way the industry must come up with a better system of 
concrete mix control than it now uses. The present occasional job where 


control is good must become the rule instead of the exception. 


Engineering inspection 

A second problem lies in the lack of proper engineering inspection 
and this is more of a matter for the architects and the engineers than 
it is for the construction man. However, it must be clearly recognized 
that it is a wasteful process to make designs carefully if the architects 
and engineers are to wipe their hands of the project at that stage and 
leave it to be constructed without supervision or under poor supervision. 
I am afraid that too many design engineers are leaving their reputations 
entirely too much in the hands of the steel setter. These men are not 
technically trained and it is not surprising that one hears repeatedly 
of jobs in which the bottom steel was placed on top and the top steel 
was placed on the bottom. Obviously this can be quite destructive to 
an engineer’s reputation. He must follow with inspections to see that 
such events either do not occur or are corrected. 


Inadequate research sponsorship 

Finally there is the matter of lack of research in the field of concrete 
and reinforced concrete. It is not implied that research is totally missing, 
but it is implied that, in comparison to the need, very small efforts and 
very small funds are being directed toward research. If the construction 
industry feels that engineers know the proper answer to the technical 
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questions on which they must act, a visit to some of the technical com- 
mittees, such as the committee on prestressed concrete, the committee 
on composite construction, or just to the ACI Building Code committee, 
might be most revealing. There are many questions crying for answers 
and, speaking generally, there is all too little money with which to 
provide the answers. 

The chemical industry finds it a good investment to put from 1 to 4 
percent of its gross sales into research, the average being about 2.8 
percent in the last report I have. I doubt that the construction industry 
as a whole averages 0.1 percent of its funds directed to research. In my 
own state where the highway department expenditures run close to $400 
million a year, I doubt if anything near a single million goes into physical 
research. It is a fact that some other state highway departments are 
more progressive in their reaction to the needs of research but it seems 
to your president that very few put real emphasis on research. I wonder 
if we can hope to meet the present problems and the problems of the 
future with something like a penny out of every $10. 

Some product manufacturers do research directly related to their 
product but this is not the general type of research which is necessary 
for the concrete industry as a whole. Certain trade organizations con- 
tribute in a modest way to research projects, but if you scout over the 
country you will find only a handful of universities doing any subsi- 
dized research and another 12 or 15 probably work only at the graduate 
thesis level without much, if any, financial encouragement. 


I am sure that everyone in the audience is now sitting back very 
comfortably saying to himself that this is not an ideal situation and 
“George ought to do something about it..” Since George seems to be 
absent, I want to raise the question as to what we as individuals are 
doing about research and what are we willing to do? 


If I should ask the architects and consulting engineers in the audience 
to raise their hands if they had ever contributed as much as $100 to 
concrete research, it would startle me very much if as many as three 
hands went up. If I asked the contractors in the audience how many 
of them supported a regular research program, or for that matter had 
ever supported a research project, it would surprise me if the response 
was much greater. I know I would be wasting our time if I asked 
those of us who are on a salary how many have made money contribu- 
tions to research. 


One committee chairman who works diligently to get research money 
for other people’s projects has stated that one almost has to get down 
on his hands and knees to get any response from government agencies 
and that even these methods do not work with industry. This leaves 
the trade associations and a few universities largely responsible for the 
research progress of concrete in this country. 
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The Portland Cement Association in its Skokie laboratories is doing 
some excellent work and expending some substantial funds. I am sure 
that a laboratory of this kind is the efficient way to get immediate 
returns from the funds that are expended. Nevertheless, I venture a 
question to the Portland Cement Association. I wonder if $100,000 or 
$200,000 of their budget might not in the long run be more effectively 
spent if it were used to encourage the beginning of research in univer- 
sities where little of such work is now being done. I know the returns 
at first would be small, but I wonder if the ideas from these independent 
groups might not lead to even more original approaches and greater 
advances in the long run than when all the funds are used in one central 
laboratory. Certainly such financial encouragement would lead to much 
more interest in the field of reinforced concrete and many more student 
theses on this subject. 

I do not think that the construction industry can afford to pin its 
hopes of the future entirely on the work done by the Portland Cement 
Association and a few university laboratories financed as at present. 
It seems that the American Concrete Institute should do something about 
this. However, it should be obvious to you, as it is to those of us who 
have considered the matter, that 10,000 members paying in dues of less 
than $200,000 a year are not going to provide for the running of the 
Institute, the publication of the JouRNAL, and a substantial research 
program. The American Concrete Institute can only enter the research 
field in a different fashion. 

In the Southwest, football is taken rather seriously and in my state 
there are any number of alumni football clubs under various names. The 
men in these clubs do not hesitate to go all the way across the state 
to interview a good football prospect. If conference rules did not pro- 
hibit it, they would give much more than their time in trying to bring 
good football talent to their home schools. What we need in the Amer- 
ican Concrete Institute is not a “football booster club” but a “concrete 
research booster club,” which we might have to call something more 
dignified. If such a committee showed as much interest in research as 
the football booster club shows in football, it would not be long in 
making its influence felt. After all, the American Concrete Institute and 
the concrete industry have no conference rules against the use of funds 
for research. The American Concrete Institute has officers and directors 
who would see that such funds were carefully and wisely spent in the 
development of this great construction material. 

I hope that you do not take this entirely as a fanciful idea. I believe 
that the concrete industry has been exceedingly fortunate to progress 
to its present state with the very small outlay that it has made for 
research. Competing industries are spending considerable sums in de- 
veloping their products. If the concrete industry is to survive and 
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develop and avoid the designation of “the industry that used to be 
important in construction,” I believe that it must face up to the fact 
that its design engineers and its construction units have never been 
very seriously concerned about the development of better methods 
through research. We must realize that research is a profitable invest- 
ment, not an expense. 


CONCLUSION 


ACI, in your president’s opinion, is not just another technical society; 
in two respects it is almost unique. Like other societies its meetings 
provide fellowship for its members, but more than in any other group 
your president knows, there is a special spirit of comradeship and sharing 
in ACI. Here the amateur in any area can ask the most eminent prac- 
titioner a question and probably get a personal interview. The spirit 
of the convention is equally as much to share one’s information as to 
acquire new ideas. 

The second difference one quickly notes is that the ACI staff is anxious 
to help get things done. Headquarters does not start by looking for 
some rule against what needs to be done. 

Gentlemen, the presidency of the American Concrete Institute is a 
high honor, and I am most grateful for the confidence that you have 
given me. Your organization is exceptionally strong and even a poor 
president would have considerable trouble in interfering much with 
the progress of the Institute. It has been a real privilege to be able 
to observe the wide scope of activity in the Institute and in the industry; 
and in this respect the presidency is a most challenging position. I am 
certain that the role of the American Concrete Institute in the future 
is going to be an expanding role and that it will have your backing in 
all the moves it takes in that direction. 





Title No. 56-55 


Research, Building Codes, 
and Engineering Practice 


By CHESTER P. SIESS 


The function of research and practice as sources of knowledge, and the 
utilization of this knowledge in the preparation of codes or specifications 
are considered from a philosophical and historical point of view. Examples 
drawn from current or past ACI Building Codes are cited to illustrate the 
roles played by research and by engineering practice in the drafting or re- 
vision of codes. 


MM) THis PAPER WAS PREPARED ORIGINALLY for presentation at the 12th 
Regional Meeting of the American Concrete Institute in Mexico City. 
Since the engineers of Mexico City were at that time preparing the 
draft of a new building code, it was felt that some discussion of the 
interrelationships among research, building codes, and engineering prac- 
tice would be of interest. 

Those readers who have experience in research or who have been 
engaged in writing codes or recommended practices will undoubtedly 
find little new among the ideas or information presented in this paper. 
On the other hand, it is hoped that engineers in practice will find 
something of interest in this discussion of the interrelationships and 
flow of knowledge among research, building codes, and practice. 

None of the remarks or conclusions in this paper should be taken as 
representing the official or collective viewpoint of ACI Committee 318, 
Standard Building Code, or any other specification or code writing body 
with which the writer has been associated. It is neither necessary nor 
desirable that all members of such bodies approach the task of writing 
a code from the same point of view or with the same philosophy. The 
views expressed herein are solely those of the writer. It is hoped that 
other viewpoints will be presented in the discussions. 


THE FLOW OF KNOWLEDGE 


The practice of engineering as a profession is, by its very nature, 
based on knowledge. There are basically only two sources of this 
knowledge: research and experience. Let us now consider how this 
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knowledge is or can be transmitted from its source to the potential or 
practicing engineer. 

There are two separate phases or periods in the engineer’s life which 
must be considered. The first is the period of formal education, at the 
end of which the engineering degree is obtained. In this stage, the 
sources of knowledge to the engineering student are chiefly indirect in 
that he receives his knowledge almost exclusively from his professors 
and from his textbooks; relatively little of it is obtained from direct 
participation in research or from experience. The teacher may have 
obtained his knowledge directly or indirectly. That is, he may be a re- 
search man or a practicing engineer himself, and may transmit to the 
student knowledge he has obtained at first hand. Or, alternatively, he 
may have devoted considerable time to the study of the results of re- 
search and collected and digested this information for transmission to 
his students. In many cases, the result of research and the experience 
from practice have been summarized in textbooks from which the stu- 
dent may gain his knowledge under the guidance of his professors. 

This entire process through the period of formal education, however, 
has one limitation. The knowledge gained by the student can be no 
more than that which exists at the time he graduates. Actually, in most 
cases, the schools and professors cannot keep completely up to date, 
and the knowledge received by the student is probably at least 2 or 3 
years old. So far as the basic mathematical and engineering sciences 
are concerned, knowledge is probably timeless, but to the extent that 
engineering is a continually expanding profession, new knowledge is 
being added every day. This means simply that the engineer must 
keep on learning, even after he has received his degree, and the pro- 
cedures for acquiring knowledge in this second stage of his career must 
now be considered. 

The sources of knowledge are still the same: research and experience. 
Since the engineer is now practicing, some of his additional knowledge 
will come from his own experience, or perhaps from his own research 
if he is in a position to do any. This is not enough, however, since he 
must also be able to benefit from the research and experience of others 
in the profession. 


If we assume that the results of research and fruits of the experience 
of others are made public in technical papers, then it is at least theo- 
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retically possible for the individual engineer to increase his knowledge 
by going directly to these sources of information. This of course is a 
most desirable procedure, and there are undoubtedly many engineers 
who have the time, skill, and patience to make detailed studies of 
research reports and technical papers, to dig out the significant bits 
and pieces of knowledge, and to apply the results directly in their 
engineering practice. 

However, for all but a few really great engineers, it would seem that 
the process of individual study of the results of research or of technical 
papers based on experience might well be replaced by an alternate 
procedure in which a small group of engineers is formed into a com- 
mittee to study collectively the results of research and current practices. 
This group then, through its collective judgment, can prepare a summary 
of existing knowledge which is incorporated into a set of recommenda- 
tions and rules for design and construction, which we know as a speci- 
fication or a code. We see then that building codes are, or can be, a 
powerful and effective means of collecting and disseminating knowledge. 
This knowledge comes from research and from experience gained in 
practice. It is used in practice and, of course, it is also used in the 
engineering schools. 

This is one reason why a code is frequently interposed between the 
results of research and their application in practice. Another reason 
is that codes are nearly always restrictive in one sense or another, and 
it is frequently found that the results of research can not be applied 
directly by the practicing engineer because they lead to a design that 
is not permitted by the code. In such cases, the results of research 
may have to influence the code before they can influence practice. 


The complex flow of knowledge among research, codes, and practice 
may be illustrated rather crudely by the flow diagram shown in Fig. 1. 
This is a complex flow diagram but a realistic one. 


Practice of course came first, and for a time it was complete within 
itself. That is, knowledge gained from experience in practice fed back 
on itself as indicated by the little loop. This is still true today, but only 
to a limited extent. The individual engineer can of course utilize di- 
rectly in his own practice the knowledge gained from his own expe- 
rience, provided that in doing so he does not violate some provision 
of the existing codes. On the other hand, the individual engineer can 
utilize directly the knowledge gained from the experience of others 
only if their experiences have been published in technical papers or 
textbooks and if he has the ability and patience to study those sources 
and absorb and apply the knowledge contained in them. In most cases, 
knowledge from the experience of others flows first to the code-writing 
body and then back into practice, as shown on the diagram. 
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Similarly, the knowledge gained from research ideally should reach 
practice directly. But under our present system, it is much more likely 
to flow primarily to the code where it is blended with the knowledge 
from experience before being made available and useful in practice. 

Although this interposition of a code between the sources of knowl- 
edge and the people who must use that knowledge in practice is un- 
doubtedly restrictive, it is not necessarily a universal evil. Although 
it is most desirable that knowledge gained from any source be utilized 
as fully as possible and for the benefit of all, it is equally important 
that this knowledge be used correctly and that its misuse not be per- 
mitted. For example, all research is not equally good; all research 
results are not equally valid; and much research cannot be applied 
directly to practice except by an engineer having considerable experi- 
ence and possessing a sense of caution based on that experience. 


Practice 


Research 


“yp g/L » 


Pl 


Fig. |—Complex interrelationship of research, codes, and engineering practice 
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Similarly, the knowledge gained from experience is frequently limited 
in scope, and there is always the possibility that it may be extrapolated 
to applications for which it is not valid. In many instances, the role 
of research is to determine the range of applicability of knowledge 
gained from experience, or to extend that range, or to define its limits 
so that it can be used safely by all. 

Thus, we see that the meeting of research and practice in the code 
is potentially capable of deriving the best from each and presenting to 
the profession a synthesis of contemporary knowledge and current 
practices. 

Returning to the flow diagram, we see that the paths of knowledge 
which flow from research and from practice, through the code, and 
back into practice are the main channels. There are also supplementary 
channels, particularly from research directly into practice, and the little 
feedback loop from practice back on itself, without going through either 
research or codes. There is also an important feedback from practice 
to research and from the code to research; this is primarily in the form 
of questions which arise in practice or in the writing of codes and which 
are referred back to research for answers. 

This feedback of questions is a most important aspect of the flow 
of knowledge, since our research can never be better than the questions 
we set out to answer. It is essential that we ask the right questions and 
ask them in the right way. As Hardy Cross has said “any fool can ask 
a question that the wisest cannot answer” but “more important .. . 
only the very wise can ask questions in such a way that any fool can 
answer them. If the questions are good questions the answer can prob- 
ably be found and if they are poor questions no one can answer them.”! 


It is doubtful, however, whether this particular aspect of the flow 
of knowledge and interrelationship between research, codes, and prac- 
tice is of much interest to any except research men and it will not be 
discussed further in this paper. Instead, let us now take a closer look at 
how the knowledge gained from research and from experience is utilized 
in the preparation of building codes. 


THE NATURE OF BUILDING CODES 


First of all it is worthwhile pointing out that most building codes, 
at least those that the writer is familiar with, are entirely empirical 
in nature. That is, they are based on experiment and experience. The 
experiments have usually been carried out in the laboratory and are 
thus a product of research. However, experiments also may be carried 
out in the field, either deliberately or by accident. In either case, it is 
probably not too much of a generalization to say that the knowledge 
gained from experiment nearly always relates to the strength of mem- 
bers or structures. On the other hand, our experience usually comes 
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from practice. But we must not overlook the fact that the research 
man who has spent most of his life working in the laboratory has also 
developed experience. Again, one can generalize by saying that most 
of our experience, whether obtained in practice or in the laboratory, 
relates to the behavior or performance of members or structures; that is, 
to their serviceability, rather than to their strength. 

The statement that our codes are primarily empirical in nature does 
not necessarily mean that all of our knowledge comes from experiment 
and experience, and none comes from theory. We use many theories 
in the design of reinforced concrete structures, but such theories are 
usually assumed to be a part of the body of knowledge of the profession 
— something that has been learned in school—and they are included 
in the code only by reference. For example, Section 601 of the current 
ACI Code, under the heading “Design Methods,” refers to the “accepted 
straight line theory of flexure.” In Section 701(a), reference is made 
to design for maximum moments and shears “as determined by the 
theory of elastic frames.” And in Section 1002(a), relating to flat slabs, 
there is a reference to “recognized elastic analysis.” 

It can be seen then that the ACI Code at least recognizes the existence 
of certain theories and refers to them or actually requires their use. 
However, this does not necessarily mean that the design procedures of 
the code are rational simply because they are based on what we would 
consider to be rational theories. The reason for this is simple. All the- 
ories are based on certain assumptions, and their use is justified only 
to the extent that these assumptions are correct. The theories used in 
connection with reinforced concrete are nearly always based on assump- 
tions regarding the properties of the materials or the properties of the 
structure that are not even approximately correct for reinforced con- 
crete. This is certainly true of the “accepted straight line theory” and 
the “theory of elastic frames” or the “recognized elastic analysis” as 
applied to reinforced concrete members, frames, or slabs. Nevertheless, 
the use of these theories in connection with the design of reinforced 
concrete members or structures has been justified over a period of years 
by experience or by experiment. In other words, we have learned how 
to apply an elastic theory to an inelastic material or structure and still 
obtain a safe and serviceable structure. To this extent, then, all rein- 
forced concrete design, and practically all aspects of our building codes, 
even where they involve theories, are basically empirical in nature; 
that is, they are based on experiment and experience; on the knowledge 
gained from research and from practice. 


We may now consider a few specific examples taken from the ACI 
Building Code to illustrate the complicated interrelationships between 
research and practice in the writing or revising of a code. 
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FLOOR SLABS 


One of the best examples is afforded by the Code provisions for the 
design of reinforced concrete floor slabs. The current ACI Code pro- 
vides design criteria for two basically different types of floors. 

The so-called two-way slab is covered by Section 709 in Chapter 7 
on flexural computations. This section consists of four paragraphs, 
followed by 5 pages of detailed criteria divided into two parts designated 
as Method 1 and Method 2. 

The other type of floor system covered by the Code is the flat slab, 
and design criteria are presented in Chapter 10, devoted entirely to 
this type of construction, and taking up about 14 pages. 

The Code provisions for these two types of slabs are vastly different 
in their origin, subsequent development, and present form, as well as 
in the type of design they yield. 

The flat slab as a type of construction was not a child of research. 
It was developed in practice over 50 years ago when reinforced concrete 
was in its infancy. Actually, it was invented, and the idea or system of 
construction was patented. At first, flat slabs were not designed; they 
were simply built. Although this procedure was acceptable in the days 
of the great cathedrals, it was not completely acceptable in the modern 
world with its emphasis on theory and a rational approach. Both the 
owners of the buildings and officials of the city governments were 
skeptical of structures for which no design calculations could be shown. 
Consequently, most flat slab floors were sold on a “money back” guar- 
antee that they would meet the requirements of an actual load test 
without exceeding a certain specified or guaranteed maximum deflection. 

The flat slab was an immediate popular success, either because of or 
in spite of the fact that its design was not covered by any existing 
building code. The principal reason for its success, of course, was its 
great economy, especially for floors designed for heavy loads. By 1913, 
only 7 years after the first flat slab floor had been constructed, it was 
estimated that more than 1000 buildings had been constructed using 
this system. This constituted 80 percent of all buildings designed for 
a live load greater than 100 psf. 

During this period of intense construction activity, the profession 
began to ask questions, and many theories were developed to explain 
or justify the designs used. At the same time, a number of thorough 
load tests were made on actual buildings. Although these tests were 
much fewer in number than the usual acceptance tests, they were much 
more comprehensive in scope, involving hundreds of strain measure- 
ments to determine the magnitude and distribution of strains, stresses, 
and moments. This then was a period of research, both theoretical and 
experimental, which continued to about 1920 or 1921. 
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The first really useful theoretical analysis was that published by 
Nichols in 1914,? which provided for the first time a means of computing 
the total statical moment which must be resisted by a flat slab. This 
theory, however, came too late to influence significantly the first design 
provisions for flat slabs which appeared in the building codes. The first 
code was probably that of the city of Chicago in 1914. This was followed 
by code provisions for flat slabs in the report of the First Joint Commit- 
tee in 1916 and subsequently in the various ACI Codes. 

All of these codes had one thing in common: the total moment for 
which provision must be made was less than the total static moment 
derived by Nichols. The 1916 Joint Committee Report* provided for 
a moment equal to 85 percent of the static moment, whereas the ACI 
Codes from then down to the present time provide for a total moment 
equal to only 72 percent of the static moment. These code provisions 
were obviously based on experience gained in practice and not on re- 
search, although much of the early field research involving extensive 
strain measurements had been interpreted by some to justify designs 
based on less than statics. This interpretation, however, depended solely 
on the assignment of a certain fraction of the load-carrying capacity 
to tension in the concrete. 

It seems possible that if Nichols’ analysis had been available earlier, 
and if we had understood better the great reduction in steel stress that 
can be attributed to tension in the concrete in slabs having very small 
amounts of reinforcement, that the early codes might have been some- 
what more conservative than they were. That is, they may have called 
for a design based on 100 percent of statics. But this is a case in which 
practice came first, and the designs developed in practice became well 
entrenched in the code before the confirming or nonconfirming research 
was carried out and reported and interpreted. 


Actually, relatively little physical research on flat slab floors has 
been carried out since the design procedures were more or less frozen 
in the codes around 1920. And this research has played a relatively 
small role in the code provisions for flat slabs. Even where research has 
demonstrated deficiencies in design procedures, little or no change in 
the code has taken place, primarily because there has been no demand 
for such a change from practice. It has been the experience of the 
profession that flat slab floors, designed according to the code, behave 
satisfactorily. That is, they do not fail, and they do not deflect ex- 
cessively. Current research, therefore, is aimed not so much at revisions 
to the code but at explaining the reasons why structures designed on 
such a basis have in fact performed so well. 


Now let us consider the two-way slab; that is, the slab supported on 
four sides and reinforced to carry moment in two directions. We have 
always had this type of construction. It was not invented, but was 
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simply a rational development. We see then it too developed in practice. 
But, in contrast with the flat slab, the code provisions for two-way slabs 
developed primarily out of research. And, more important, these pro- 
visions were based primarily on analytical research rather than experi- 
mental research. 

As compared to flat slabs, very few tests have been made on two-way 
slabs, either in the laboratory or on actual structures in the field. On 
the other hand, extensive studies have been made of the moments in 
such slabs, particularly in the structure involving many panels with 
slabs continuous over the supporting beams. In the United States, and 
in the ACI Code, this research has followed two paths, each leading 
to one of the methods of analysis and design now specified in the Code. 

Method 1 of the Code was based directly on analytical studies by 
DiStasio and Van Buren which were reported in a paper in the ACI 
JOURNAL in 1936.4 Their studies were almost entirely analytical in nature 
and dealt only indirectly with the results of the few tests available. 

Method 2 entered the ACI Code by way of the 1940 report of the 
Third Joint Committee.’ The provisions in the Joint Committee Report 
were in turn based on a most interesting and extensive analytical study 
published by Westergaard in 1926.6 Westergaard’s proposed method of 
analysis and design was based predominantly on theoretical analyses 
of moments in continuous plates, but also took into consideration certain 
aspects of behavior which had been observed in tests. Nevertheless, the 
step from Westergaard’s 1926 paper to the 1940 Joint Committee Report 
was not a direct one. His proposals were extensively modified and 
simplified by the Joint Committee and it might be considered here 
that these modifications of the results of research were based on expe- 
rience in practice. Unfortunately, there is no record of the basis for 
these modifications, and the extent to which his recommendations were 
influenced by practice can only be guessed at. 


The result, however, is two sets of design criteria for two-way slabs, 
Methods 1 and 2 in the ACI Code, which are both much more conserva- 
tive than those for flat slabs. In effect, designs must be made for 
maximum positive moments obtained under one condition of loading 
and for maximum negative moments obtained under another condition 
of loading. As is known, this can lead to a total moment-resisting 
capacity significantly greater than that required by statics. 

We thus have in the ACI Code a most interesting situation. For flat 
slabs, we have a design procedure based almost entirely on experience 
in practice, and requiring a design for 20 to 28 percent less moment than 
that indicated by statical calculations. On the other hand, we have for 
two-way slabs a design procedure based almost entirely on theoretical 
research, and requiring a design for moments totaling 20 to 30 percent 
more than those obtained by statical calculations. This apparently 
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inconsistent approach to the design of reinforced concrete slabs has 
existed for well over 20 years and it is likely that it will exist for at 
least a few more years before the Code is changed in connection with 
one or the other of these two methods of design. So far as flat slabs 
are concerned, it seems extremely unlikely that any research will be 
able to contradict the experiences of practice and cause a significant 
increase in the moments for which flat slabs are designed. On the other 
hand, experience in practice has provided no basis for a reduction in 
the design moments for two-way slabs. Experience in practice usually 
can show only deficiencies in design, it is most difficult to determine 
from the observed satisfactory performance of a structure how much 
weaker it could be made without getting into trouble. It might almost 
be said that changes in the Code to remove this inconsistency are 
hampered both by experience and by tradition, and not least by lack of 
adequate research. It is worth while mentioning, however, that this 
lack of research is being remedied and that there is now underway at 
the University of Illinois a program of laboratory tests which may throw 
some light on the comparative strength and behavior of flat slabs and 
two-way slabs. Whether the results of this research will lead to changes 
in the Code, and what direction these changes might take, can not be 
predicted. As has been indicated so far in this paper, and as will be 
brought out with further examples, the impact of research on the Code 
is not something that can be predicted without taking into account the 
extremely strong influences from practice itself. 


COLUMN FOOTINGS 


Column footings provide another example which is similar in some 
respects to the case of the flat slab. The present ACI Code provisions 
for isolated column footings provide for a design based on only 85 per- 
cent of the static moment. This provision of the Code also may be traced 
back almost 50 years, but it had its origin in research rather than in 
practice as was the case for the flat slab. 

The extensive program of tests on footings reported by Talbot in 
19137 led to the so-called trapezoidal rule for the calculation of moments 
in footings. This rule was complicated in its origin as well as in its 
application, but in effect it resulted in the calculation of a moment less 
than the total statical moment of the forces on one side of the critical 
section. Unlike the flat slab, which is a highly indeterminate structure, 
the simple column footing is easily analyzed and it was obvious almost 
from the beginning that the design was based on less than the static 
moment. If this were not enough, the test results reported by Richart 
in 1949* proved conclusively that all of the static moment was resisted 
by tension in the reinforcement. 
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In the 1941 ACI Code, the trapezoidal rule was dropped from the Code 
and replaced by a much simpler method of computing the moment. But 
as a concession to the previous long established practice, the designer 
was permitted to proportion the reinforcement for only 85 percent of 
the static moment. At the time of the code change in 1941, and at sev- 
eral times since, serious attempts have been made to change this pro- 
vision of the Code to provide for 100 percent of the static moment. 
It has been argued that this change will add negligibly to the cost of a 
footing and almost infinitesimally to the cost of a structure. It has also 
been argued that the present Code provisions are extremely difficult 
to explain to engineering students and the plight of the university 
professors would be helped by a more rational and statically correct 
procedure. It may be noted here that this difficulty of teaching design 
for less than statics does not seem to arise in connection with the flat 
slab floor, which is a much more complicated structure and one in which 
the abnormality is not so evident to the student. In any case, every 
attempt to change this provision of the Code has been strongly resisted 
by engineers in practice. Experience in practice has apparently been 
good; that is, again there have been no failures and no examples of poor 
performance. This argument, however, may be somewhat weaker in 
the case of footings than in the case of flat slabs since failures in footings 
tre almost universally attributed to the soil rather than to the structural 


concrete. But be that as it may, this is another example of a Code 
provision, originating in research, and presumably confirmed by prac- 
tice, becoming entrenched from a practical point of view. It is doubtful 
whether research alone will ever produce a change in this provision 
of the ACI Code. 


SHEAR IN BEAMS 


Two of the examples just cited, the case of the flat slab and the case 
of the isolated column footing, are excellent illustrations of circum- 
stances in which good performance, or what is thought to be good 
performance, has provided the reason for keeping in the Code provisions 
which are not fully supported by subsequent research. Knowledge 
gained from experience, in the form of knowledge relating to satisfactory 
performance, has outweighed knowledge gained from research. But this 
influence of knowledge gained from experience works in both directions, 
and another case can be cited where the knowledge of poor performance 
—in this case, actual failure —was the basis for revising certain pro- 
visions of the Code which presumably were based originally on extensive 
research. The case in question is the addition of paragraph 801(e) to 
the 1956 ACI Code, a change which was made chiefly if not solely 
because of failures observed in the field. 
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The ACI Code requirements for shear have not been changed sig- 
nificantly in the past 30 years. Since a tremendous amount of research 
work had been carried out prior to 1928, it is reasonable to assume that 
these provisions of the Code are based primarily on that research. 
Although it is reasonable to make this assumption, in many cases it is 
quite difficult to show a direct relationship between the requirements 
of the Code and the results of that research. Since 1945 there has been 
a resurgence of interest in research on strength in shear. Certain de- 
ficiencies in the previous research, primarily in the nature and the range 
of the variables, have been pointed out and much new research has 
been undertaken. At the present time, important revisions to the Code 
are being considered as a result of this new research. But the revision 
in Section 801 was not based on this new research but solely on an 
unfortunate experience in practice. 

In August of 1955, portions of three rigid frames supporting a ware- 
house roof in Shelby, Ohio, failed in shear. The failure was rather 
sudden, as is typical of shear failure, and about 3000 sq ft of roof col- 
lapsed completely. The failures occurred in the continuous girders near 
the points of inflection and at locations where the computed shearing 
stresses were quite small. Subsequent investigation revealed that the 
design of these girders satisfied all provisions of the 1951 ACI Code. 
Any structural failure is a cause for concern in the profession, but this 
failure was of even greater importance since the structure which 
failed was one of perhaps 20 similar warehouses of essentially the same 
design which had recently been built or were then under construction. 
Literally hundreds of almost identical continuous frames were involved, 
and the Corps of Engineers of the U. S. Army, under whose direction 
these structures had been designed and were being constructed, lost 
no time in initiating a complete investigation into the causes of the 
failure. This investigation was carried out by various consultants and 
was aided by an intensive series of tests on 13 one-third scale models, 
carried out with great expediency by the Research and Development 
Laboratories of the Portland Cement Association. Although these in- 
vestigations did not provide a complete explanation of the causes of 
this failure, they did show how similar failures in similar circumstances 
could be prevented in the future. And by February, 1956, less than 6 
months after the failure occurred, Section 801(e) had been inserted in 
the ACI Code. This section is intended to prevent such failure by 
requiring the use of web reinforcement in the neighborhood of the 
point of inflection of continuous girders, even if the computed shearing 
stress is less than that previously allowed in a beam without web 
reinforcement. 


This is clearly a special case, since all failures in practice should not 
necessarily lead to such immediate changes in the Code. The fact that 
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several hundred similar continuous girders were involved certainly had 
a bearing on the urgency of the problem. This was especially true since 
careful inspection of these other girders showed definite signs of distress 
in many many instances. It is doubtful whether such an extensive 
investigation would have been made if only one girder, or even only 
one structure, had been involved. 

There are two things to note in connection with this incident. First, 
the change in the Code was so written as to apply solely to the type 
of construction which failed, and the requirements for web reinforce- 
ment were essentially the absolute minimum necessary to prevent such 
failures in the future, as determined from the program of laboratory 
tests. And second, this is a case where the Code was made more re- 
strictive. 

In general, changes in a code tend to make it less restrictive, and it 
is usually extremely difficult to make the code more restrictive on the 
basis of research alone. This has been demonstrated by the example 
cited in connection with flat slabs and footings. It is always easy to 
relax the code provisions on the basis of research and this is perhaps 
as it should be. The code should initially be relatively strict, in view 
of our ignorance, and the provisions should be relaxed as our knowledge 
increases. As a result, to make the code more restrictive we require 
either a tremendous volume of almost incontrovertible research, or one 
or two good failures in practice. 

Ideally, we should never have failures, at least not those attributable 
to deficiencies in the code. Codes are not infallible, even when based 
on research, since research itself is not infallible. Research is not in- 
fallible primarily because it is never complete; that is, although labora- 
tory tests permit more careful control of the variables than is possible 
in the field, the number of variables included in tests is usually much 
smaller than those actually existing in the structure. We test simplified, 
even over-simplified, representations of real structures. For example, 
although many beams had been tested, including beams with simulated 
or actual continuity and including rigid frames, nothing exactly com- 
parable to the frames of the warehouse that failed had ever been tested 
in the laboratory. Consequently, code provisions based on this research 
were deficient in at least one respect. 


DEFORMED BARS, BOND, AND SHEAR 

It is not always best to apply the results of research directly to build- 
ing codes or to practice. The research itself may be good, but the results 
may be used improperly. An example of this might be the changes made 
in the 1951 ACI Code as a result of the development of new types of 
deformed reinforcing bars. These changes consisted chiefly of changes 
in the allowable bond stresses, and these were probably quite legitimate 
since they were based on extensive tests of bond. However, at the same 
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time, and somewhat indirectly, a change was made in the allowable 
shear stresses in beams without web reinforcement. 


In the 1947 ACI Code, two different values of the allowable shear 
stress were specified for beams without web reinforcement. For beams 
with no web reeinforcement and without special anchorage of the longi- 
tudinal reinforcement, the allowable shear stress computed in the con- 
ventional manner was 0.02 f,’. For beams without web reinforcement 
but with special anchorage of the longitudinal reinforcement, the al- 
lowable shear stress was 0.03 f,’, or a value 50 percent higher than that 
for beams without special anchorage. The requirement for special 
anchorage of the longitudinal reinforcement was that every bar should 
be terminated in a standard hook in a region of compression or should 
be bent across the web and made continuous with the reinforcement 
resisting moment of opposite sign. This type of anchorage was required 
in order to justify the 50 percent increase in allowable shear stress. 


Similarly, a 50 percent increase in the allowable bond stress was 
permitted if the longitudinal reinforced bars were hooked. 

In the 1951 Code, the requirement of special anchorage was dropped 
and it was required instead that all plain bars must be hooked and all 
deformed bars must be of the new improved type meeting the require- 
ments of ASTM A 305.° So far as bond stresses were concerned, there 
could be no argument with this line of reasoning. However, at the 
same time, the lower allowable shearing stress of 0.02 f,.’ was deleted 
from the Code and the higher stress of 0.03 f,’ was left in. The implica- 
tion here was that the use of new-type deformed bars without hooks, or 
the use of plain bars with hooks, was an effective substitute for the 
previous special anchorage requirements. If we recall that special 
anchorage required that all bars be anchored in a region of compression 
or bent across the web and made continuous with the reinforcement 
resisting moment of opposite sign, this assumption is certainly question- 
able. Under the 1951 and subsequent Codes, deformed bars without 
hooks, or plain bars with hooks, can be terminated in a region of tension. 
There are no directly applicable data from either research or, practice 
to indicate that this increase in allowable shearing stress has led directly 
to any failures in shear, but it is entirely possible that the warehouse 
girders mentioned previously would not have failed if they had been 
designed according to the provisions of the 1947 Code. 

The point to be noted here is that this is an instance in which a 
change in the Code was based on research, but on research which may 
not have been interpreted or applied correctly. That is, the application 
of the results of research on bond, in this case, had a significant effect 
on the allowable stresses permitted in shear. 


These examples may have given the impression that the effects of 
practice on the Code far outweigh the effects of research. This is not 
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the case; the effects of research are frequently more gradual and less 
obvious than the effects of practice, but in many instances they have 
been direct and immediate. For example, the working stress design 
procedures for columns subjected to axial load and bending, Section 
1109 of the Code, were introduced into the Code as a direct consequence 
of the research published by Richart and Olson in 1938.%° And present 
working stress design procedures for axially loaded columns resulted 
directly from the extensive and comprehensive research of the ACI 
column investigation in the early 1930’s. 


THE LAG BETWEEN RESEARCH AND PRACTICE 


Actually, it must be realized that practically all of the basic information 
upon which practice and codes are based is originally derived from 
research. But the path by which knowledge gained from research 
eventually reaches practice or codes is frequently a long and devious 
one. As an example of the long time which may elapse between the 
attainment of knowledge and its application in the code or in practice, 
consider the case of the ultimate strength of an axially loaded tied 
column. 


The law governing the strength of such columns was first stated by 
Considére in about 1902 or 1903 as follows: “Hence, it may be stated 


that in concrete members reinforced by longitudinal rods connected 
by cross pieces or ties too weak or too far apart to bind the concrete 
sufficiently together cross-wise, the total resistance to crushing varies 
little from the sum of the resistances offered by the crushing strength 
of the concrete and the longitudinal bars when stressed up to their 
elastic limits.”"! This is the addition law which has provided the basis 
for our working stress design procedures for columns since the 1936 
ACI Code, and which appears explicitly in the appendix on ultimate 
strength design of the 1956 ACI Code. However, although this law was 
presumably known to research men since 1903, it was not incorporated 
into the Code until after it had been verified by the extensive test pro- 
gram of the ACI column investigation in the early 1930's. 


Another such example can be taken from the history of research on 
strength in shear or diagonal tension. In 1909, Talbot’? concluded on the 
basis of his tests that the shear strength of beams without web rein- 
forcement depended on three factors: the quality and strength of the 
concrete; the percentage of longitudinal reinforcement; and the ratio 
of span to depth, or the ratio of moment to shear. Within a few years, 
however, the effects of all these variables except the strength of the 
concrete were forgotten or neglected, even by Professor Talbot, and 
were not rediscovered until the current series of investigations of shear 
strength were begun around 1945. The present ACI Code still relates 
strength in shear to only one variable, the strength of the concrete. 
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However, as many readers of this paper no doubt know, the results 
of recent research, as interpreted and studied by ACI-ASCE Committee 
326, Shear and Diagonal Tension, have led to proposals for allowable 
shear stress formulas which involve not only strength of the concrete 
but also the percentage of longitudinal reinforcement and the ratio of 


moment to shear. Such a formula may well appear in the next edition 
of the ACI Code. 


These examples have been chosen to demonstrate what has fre- 
quently been a great lag between research and practice, or even between 
research and the building code. It is not enough that we have the 
knowledge, we must be ready and willing to utilize it. The writer can 
think of almost no instance in which a breakthrough in knowledge was 
followed directly by a breakthrough in practice. For one reason, there 
have been relatively few breakthroughs in knowledge. Knowledge 
gained from research accumulates slowly, test by test, until one day 
we realize that we know a great deal more about the subject than we 
thought we did. When that time comes, it is frequently possible to use 
that knowledge to change the code, and thus to change practice. The 
real breakthrough comes when knowledge, new or old, is introduced 
into the code. 


To the research man, this frequent long lag between research and 
practice or between research and codes is often annoying or even 
alarming.. At the very least, it is discouraging to realize that in many 
cases the knowledge gained from his work will not be applied until 
after he has retired. On the other hand, some lag between research and 
practice is probably desirable, although 30 years is perhaps too long. 
The question is: just how long should this lag be? Since we never have 
all of the answers we need from research, we can not wait for a com- 
plete solution to our problems before proceeding with the design and 
construction of buildings and bridges in reinforced concrete. But it is 
not really necessary to wait until we have all the answers. Incomplete 
research can be applied if it is tempered with judgement and with 
careful consideration of the differences between what we test, or what 
we analyze, and what we build. This, of course, is probably best accom- 
plished by routing the results of research through a code to practice. 

Because codes have such a great effect on practice — sometimes re- 
strictive and sometimes stimulating— we must be extremely careful 
when making changes in them. Because our codes are basically em- 
pirical in nature, and are based to a considerable extent on experience 
in practice, we must be careful about how we appply the results of 
research to produce changes in the code. If a code were based only 
on research, it could be changed by research alone. But the codes we 
have today are based on a combination of research and practice, and 
revisions should be made only when knowledge from research and 
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knowledge from practice can both be brought to bear. This means, for 
one thing, that we should make no big or sudden changes solely on the 
basis of research. We should proceed in small steps and let experience 
in practice reveal the gaps in our knowledge, which can then be reduced 
or eliminated by further research. 

In the proper hands, our codes lead to good structures. This has re- 
sulted from a slow, evolutionary process, utilizing knowledge from both 
research and practice, and has frequently involved a process of cut and 
try, but being careful never to cut so close that a failure occurs. As our 
approach to structural engineering becomes more scientific, and as de- 
sign in reinforced concrete becomes more rational, it may be possible 
for us to go more directly from research to codes, especially if we have 
more basic research to supplement a more scientific or rational approach. 
However, at the present time, with research limited in scope, and with 
a relatively large gap between what we test and what we build, the 
step between research and practice can be bridged only with the aid 
of judgment gained from experience. We must continually keep in mind 
that the difference between a real structure of reinforced concrete and 
the structure that we analyze is tremendous. And similarly, the differ- 
ence between a member in that structure and the test specimen in the 
laboratory is equally great. 


RESEARCH, PRACTICE, AND CODES 


If the research man sometimes has too much faith in his test results 
and in their application to practice, this is understandable and even 
forgiveable. However, the engineer with experience in practice should 
not fall into the same error; he should continually question the relation 
between what has been tested and what is to be built. The writer be- 
lieves most strongly that good codes and good practice can result only 
from combining the knowledge from two sources: research and practice. 
If the practicing engineers, at least those on the code committees, can 
learn from research without falling under its spell, and if the research 
man can learn to apply his knowledge and his experience, rather than 
just the results of his tests, then these two groups can work together, 
formally or informally, to write a code which contains the best available 
knowledge from all sources and which will contribute to safe and pro- 
gressive practice. 

The foregoing remarks have been intended to give some idea of how 
codes are written, or how they should be written, and how they utilize 
knowledge from both research and practice. To illustrate certain points, 
examples have been taken from the ACI Code, but this should not be 
interpreted as any criticism of that Code. It is an excellent document 
and has served our needs well. Many engineers look upon codes as a 
necessary, or even an unnecessary evil, as something that prevents them 
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from doing what they want to do and what they know is right and know 
is best. These charges against the codes may sometimes be true but, 
if so, it is usually not the fault of the code or of the men who prepared 
it. What must be realized is this: A code is not a set of rules prepared 
by a few for the regulation of other engineers, but a synthesis of con- 
temporary knowledge, practices, and techniques. Consequently, a code 
can be no better than our collective knowledge, whether gained from 
theory, research, or experience in practice. 
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Differential Shrinkage in 


Composite Beams 


By HALVARD W. BIRKELAND 


Due to normal aging and curing processes, shrinkage occurs in a slab 
when it is cast onto precast prestressed beams. This shrinkage induces 
stress into the composite beam and slab construction causing the beams 
to deflect. An analytical method is presented for predicting the sag. 
Equations are given for stresses on slab and beam section, shear and 
moment at the interface, and slope and deflection. This is followed by 
comparison of computed values with actual values obtained from full size 
test beams. Values are in close agreement. 


MH A svas CAST IN PLACE ON A PRECAST prestressed beam is a technically 
and economically attractive structure. However, the slab will shrink and 
cause the composite beam to sag. Also, the shrinkage will be accom- 
panied by stresses in the slab and the beam, and in the contact plane 
(interface) between the two. The engineer should predict the sag 
so that the slab may be screeded to a profile that will result in a rea- 
sonably level end product. He should also specify, on a rational basis, 
the reinforcement required to cross the interface in order that full and 
dependable interaction may be obtained. 

An analytical method will be developed herein, and it will be tested 
against observed deflection of full size prestressed beams with cast-in- 
place slabs. A similar problem exists in the warping of stone-faced 
concrete slabs, and the method will also be tested against prefabricated 
wall panels with marble facing. It is believed that the analytical ap- 
proach presented is rigorous within commonly accepted assumptions, 
but several uncertainties and simplifications will be pointed out. 


THE PROBLEM 


A precast prestressed beam is usually substantially cured and aged 
at the time it receives the cast-in-place slab. The curing and aging 
of the slab, after hardening, will cause stresses in the interface and 
deflection of the combined assembly. The problem is to determine 
the deflection of the composite beam and the stresses in the interface, 
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consistent with interaction of the parts and equal deflections of the 
beam and the slab throughout the span length. 

After the time of integration, the beam will continue to shrink some, 
there will be some additional stress creep, and Young’s modulus will 
continue to increase. The slab is at the start fully plastic, and in the 
period of setting, curing, and aging it undergoes first a rise and next a 
fall in temperature with accompanying changes in length, and it will 
shrink due to drying out, all this while Young’s modulus is increasing 
from zero toward its final value. A rigorous analysis that includes the 
time function would be difficult, and it is desirable to use constant values 
for Young’s moduli and a somewhat arbitrary value for the differential 
shrinkage. Both of these values occur in the analytical treatment, and 
results of tests on composite sections should be used to establish their 
effective magnitudes. It will be assumed that it is possible and per- 
missible to reduce such variable factors to a constant Young’s modulus 
for each of the two concretes, and to a definite value of differential 
shrinkage. Also, only simple spans will be considered, and Young’s 
moduli, the moments of inertia of the cross section, and the differential 
shrinkage will be assumed as constant through the length of the span. 
A vertical plane cross section will be assumed to remain plane after 
bending.. 

A solution to parts of this problem has been given by Evans and 
Parker,' who approached it by way of fiber elongations. Another ap- 
proach would be to obtain the effects of shrinkage by means of self- 
cancelling externally applied forces. The two methods will of course 
give the same results. The latter method was employed by Ferguson” 
when he dealt with warping of reinforced concrete of rectangular 
section. His method can be generalized, and that is done herein. The 
approach can be described as follows (refer to Fig. 1): 


(a) The beam and slab will be imagined as cast separately. The slab 
will shrink more than the beam, in the amount of the differential shrinkage. 


(b) A pair of tensile forces is applied to the ends of the slab at its 
cross-sectional centroid. The forces are of such magnitude that the elonga- 
tion of the slab equals the differential shrinkage. 


(c) The slab and beam are brought together and integrated. 
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COMPOSITE SECTION 
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\ Deflected composite beom 


TO CANCEL EXTERNAL 
FORCES 


(d) A pair of compressive forces is applied to the ends of the composite 
beam at the centroid of the slab. These forces are equal and opposite to 
the earlier applied tensile forces, and the external forces are thereby 


cancelled. 


(e) The resulting stresses on the cross section are determined. 


(f) The shearing forces and moments in the interface and the necessary 
reinforcement across the interface are determined. 


(g) The deflection due to differential shrinkage is determined. 


Notation 
Symbols are used as follows: 
thickness of slab 
depth of beam 
= distance between centroids 


= distance from centroid to 
under consideration 


fiber 


= area of section 

= moment of inertia of section 
Young’s modulus 

= unit differential shrinkage 


ay > 


- external normal force 
internal normal force 

= external or internal moment 
internal shear force 
normal unit fiber stress 


. “* 2 ee ™ 


angle of internal friction in in- 
terface 


raj 
nN 


factor of safety 
= span length 
deflection 


II 


> 


Subscripts are used as follows: 
refers to slab or flange 
refers to beam, or bottom fiber 


refers to composite section, with 
transformed slab 


refers to top fiber 


refers to interface, or interface fiber 


s refers to reinforcing steel 


y refers to yield point of steel 


Double subscripts for e refer to cen- 
troids of sections 


Double subscripts for y and f: the first 
refers to slab, beam, or composite 
section; the second to top, bottom, 
or interface fiber 


Superscript ’ refers to transformed sec- 
tion, but is not used for composite 
section which is always trans- 
formed 
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PROPERTIES OF SLAB, BEAM, AND COMPOSITE SECTIONS 


The following basic properties are assumed to be known (refer to 
Fig. 2): 

E,; and E, = Young’s moduli 

A; and A» = areas of cross section 

I, and I. = moments of inertia of cross section 

t and d = thickness of slab and depth of beam 

Yrt, Yro, Yor, ANd Yoo = locations of centroids with respect to extreme fibers 

The following properties of the cross section are either readily deter- 
mined, or were used in the usual stress computations for the beam 
under vertical loads: 
The transformed area of the slab cross-section 


E; 
Ay = Ay 
Ey 


The area of the composite section 
A.= A; +A» 


The moment of inertia of the transformed slab cross section 


, E 
I; =I f 
a * 


The distance between centroids of beam and slab 
Cor = Yro + Yor (4) 


The distances between centroids of composite section and slab and beam, re- 
spectively 


(5) 























Fig. 2— Geometry of section 





DIFFERENTIAL SHRINKAGE IN COMPOSITE BEAMS 


The distances from centroid of com- 
posite section to fibers at top, interface, 
and bottom, respectively 


Yor = Coe + Ure (7) 





Yor — Coe — Yoo 
= Yor — Cer (8) 














Yeo Con + Yoo (9) 
The moment of inertia of the com- 


posite section 


Ie =I,’ + Ay’ Co?’ 
+ I, + Ap ecw” 


bt (Cc) 


fey (T) 





FORCES AND STRESSES ON 
SLAB AND BEAM 
SECTIONS 


“ 
‘ 
frp (T) 


Stress block for 
transformed section 


P 


Ss, 


The external force on slab, ap- 


i 
f 





plied at centroid of slab, of a mag- 
nitude to cancel the differential 
shrinkage, is 














— 


P=cA;E; (11) 5 UOLDOS 
ayisodwo> 6 > 


in which ¢e is the differential 
shrinkage, positive when slab 
shrinks more than beam. This is 
also the external compressive force 
on the composite section, applied at 


P 
P 
_’ Unstressed 





centroid of slab, which cancels the 
previously applied external tensile 
force (refer to Fig. 3). 


Unstressed slab 


— 


1 | es 











If the compressive force P is 
shifted to the centroid of the com- 
posite section, Fig. 3(c), it is ac- 
companied by a moment 








M. =P ec¢ (12) 





The stresses on the cross section, 
Fig. 3(d), are determined in the 
usual manner, with allowance for 
the two load applications and con- 





" 
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(e)- INTERNAL FORCES 
AND MOMENTS ON 
SLAB AND BEAM 


FINAL STRESSES ON 
TRUE COMPOSITE 


SECTION 


(d) - 


(c) - ALTERNATE 
FORCE APPLICATION 
STRESS STAGE 2 


AFTER EXTERNAL FORCE 


(b)- COMPOSITE SECTION 
IS CANCELLED 


(a) - SLAB AND BEAM 
BEFORE INTEGRATION. 
STRESS STAGE 1. 


STRESS STAGE 2 
Fig. 3 — Unit length of span with externally applied forces and with internal stresses and forces 
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version from transformed to true section. The genezal equation is 


The stresses in the slab, at top and interface fibers, respectively, are 


fre ( P e.. P x oe (13) 
Ay’ A I. E. 


=e ( i -* )z (14) 
A,’ A, I E, 


The stresses in the beam, at interface and bottom fibers, respectively, are 


P M- Yeu 


im 3 Ae me, I. 


(15) 


oe P y MeYeor 


(16 
A I. , 


The net resulting normal force F; (positive when tensile) and moment 
M; (positive when compression in top fiber) on the slab section are 
determined from the stresses in the slab [refer to Fig. 3(e)]. The 
stresses in terms of force and moment are 


Sea = F, = M; Ure 
A; I; 


fro — F, 4 M; Ure 
A; I; 


Solving these equations for F, and M, 


Fr= (fn unt fn vr) 


I; 
M,; — so =< ft 
(1 J ) t 
Similarly, the normal force and moment in the beam are 


A> 
F, — bt bb 7 bb bt 
(5 Yo+t foy 4s 


M, = (tm ia fu) - (20) 


The forces F, and F, are equal in magnitude but of opposite sign. 





DIFFERENTIAL SHRINKAGE IN COMPOSITE BEAMS 


SHEAR AND MOMENT IN INTERFACE 


Shear and normal stresses will exist in the interface, but only near 
each end of the span at a distance sufficient for the forces and stresses 
of the preceding paragraphs to be established. With ample reinforcement 
across the interface, this distance is in the order of half to full beam 
depth. In the remainder of the span there are no stresses in the inter- 
face, except for the secondary stresses required to bend the direct 
stresses along the deflected shape of the slab or beam. The assumption 
that a vertical plane section before bending remains plane after bending 
does not permit any other stress condition. 

Near the end of the beam it is necessary to establish this condition. 
The shrinkage of the slab will cause shearing stresses in the interface, 
with tensile stresses in the adjacent fibers of the slab, and compressive 
stresses in the adjacent fibers of the beam. There will also be a tend- 


End of slab after shrinkage 








Yee 








ra b-Interface: 
i *~Variation in Normal Stress 
‘mer Variation in Shear Stress 


(a) FORCES AND MOMENTS AT END OF BEAM 




















(yp,-Me/ Fe) tan > 


(b) ALTERNATE SETUP OF FORCES AT END OF 


SLAB TO DETERMINE REINFORCEMENT ACROSS 
INTERFACE 


Fig. 4— Force and moment in interface at end of slab 
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ency for the slab to curl away from the beam near the end, and this 
is resisted by tensile stresses across the interface. For static equilibrium 
there must be balancing compressive stresses farther along the inter- 
face. The resulting shear and moment, with qualitative stress distribu- 
tion, are illustrated for the slab in Fig. 4(a). 

Referring to Fig. 4(a), the shear and moment in the interface at the 
end of the slab are seen to be 


Vi—F; (21) 


M, =-— M; aa Fy Ure (22) 


The shear and moment in the interface at the end of the beam can be 
obtained similarly: 


Vi=——-F) (23) 


and 


M; = Mp + Fo yo: (24) 


The shears and moments are positive as shown in Fig. 4(a). The shears 
of Eq. (21) and (23) are equal, and so are also the moments of Eq. (22) 
and (24). This can be verified by substitution. 

The stress distribution along the interface is complex, and the writer 
is not prepared at this time to give an absolute solution. However, the 
following approach is simple and gives results that have proven satis- 
factory in the design of reinforcement for numerous composite beams. 

Let it be assumed that resistance is provided by a force couple normal 
to the interface, and that the compressive part of the couple is accom- 
panied by a friction or shear force in the plane of the interface. This is 
illustrated in Fig. 4(b). To satisfy equilibrium it is necessary that the 
forces from the interface combine to a horizontal resultant at a distance 
M,/F, below the centroid of the slab. 

At ultimate strength, the stress in the steel is at yield (f,) and the 
tensile force is A,f,. This is also the value of the compressive force. The 
angle of internal friction (¢) is mobilized, and the friction force is 
A,f, tan ¢. Summation of horizontal forces gives 


A, f, tan ¢=V.FS 
or, solving for steel area required, 


re (25) 
f, tan @ 


The same result could be obtained by summation of moments, or by 
analyzing the forces on the beam rather than the slab. 
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SLOPE AND DEFLECTION 


Slopes and deflections are obtained by the usual integrations of the 
moment curve or by the conjugate beam method. The moment is con- 
stant through the length of the span, and 


M L* (26) 


D >f] -- ti t j < = Ames = — 
eflection at midspan 8 El 


In the above equation one substitutes either M,, E,, and I,; My, Ey, and 
I,; or M,, E,, and I, for M, E, and I, respectively. Either set of substi- 
tutions will yield the same results since the slab, the beam and the 
composite slab-beam deflect the same amount at any common point. 


EXAMPLE NO. 1 


In December, 1957, the Concrete Technology Corp. of Tacoma made 
a full size test beam identical to beams that were later to be installed 
in the Norton Building in Seattle. The beam was of composite section, 
with precast, prestressed concrete beam and cast-in-place reinforced 
concrete slab. The slab in the building was to be of lightweight concrete, 
but practical considerations caused standard aggregate concrete to be 
used for the slab on the test beam. This slab was scaled down in width 
to compensate for the difference in Young’s moduli. 

Dimensions of the test beam with cast-in-place slab are shown in 
Fig. 5. The histories of concrete strengths and midspan deflection of 
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Fig. 5—Test beam for Norton Build- 
ing (Example No. |) 
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TT Fig. 6 — Concrete strengths 
(Example No. |) 
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the beam are shown in Fig. 6 and 7, respectively. Given values and 
results of computations are as follows: 


Concrete properties 
r = 1000 ksi, based on judgement 
E, = 7000 ksi, derived from load-deflection measurements on beam, made 
prior to casting slab 
¢ = 0.000450 based on judgement 


Properties of section 
+ = 360 sq in.; Ay?’ = 51.43 sq in. 
I, = 1080 in.*; r’ = 154.29 in. 
t = 6 in.; Yre = Yoo = 3 in. 
A» = 404 sq. in.; I, = 68,000 in.* 
d@ = 37 in.; Yo: = 18.9 in.; Yoo = 18.1 in. 
A. = 455.43 sq in. 
Cor = 21.9 in.; @-r = 19.43 in.; €-» = 2.47 in. 
Yor = 22.43 in.; Ycs — 16.43 in.; Yeo = 20.57 in. 
I. = 90,040 in.* 
Fiber stresses 
P = 162.0 kips; M,. = 3148 in.-kips 
fre = + 0.2872 ksi; fr = +0.3171 ksi 
for = — 0.9300 ksi; fon = + 0.3634 ksi 
Forces and moments on slab and beam sections 
F, = — F, = + 108.8 kips; M, = + 5.38 in.-kips; M> 
Shear and moment in interface near end of span 
V. = 108.8 kips; M,; = + 322 in.-kips 
f, = 40 ksi; @ = 60 deg; tan @ = V3 = 1.73 
FS = 1.5 (the difference between cracking and ultimate loads is usually 
small, and the probability of overload due to shrinkage is negligible) 
A, (steel area) = 2.35 sq in.; use 12 - #4 bars (Fig. 5) 
Deflection at midspan 
L= 7 th; Amaz = — 0.440 in. 
This computed deflection due to slab shrinkage is to be compared with 
an observed deflection of — 0.48 in. as shown on Fig. 7. 
The Concrete Technology Corp. made and tested another full size 
composite beam in September, 1959. This beam had a wide and thin 
flange, as illustrated in Fig. 8. It was hoped that the test would give 
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additional verification to the analysis presented in this paper, with 
regard to both deflection due to shrinkage and the early gripping of 
the beam by the slab. The verification was obtained, but it was not as 
clear cut as anticipated. 

Young’s modulus of the beam was determined by load-deflection tests 
before slab concrete was placed. 

The placement of concrete in the slab started at one end and proceeded 
at a uniform rate across the length of the span, with the placement 
completed in 1% hr. The first deflection readings were taken within 
half an hour after that, and were repeated at about 2-hr intervals. The 
first set of readings showed that the beam deflected as expected from 
the weight of the wet concrete, but subsequent readings showed that 
the beam moved upward. This is illustrated in Fig. 8. The upward 
movement peaked at 4% hr, and from then on the movement was 
downward. It was thought that the heat of hydration in the slab was 
being transmitted to the top flange of the beam, thus causing it to 
increase in length and the beam to deflect upward. A thermometer 
placed on the slab and covered with an insulating blanket showed a 
substantial temperature rise. This beam differed from others that have 
been observed in that the top flange was unusually wide and thin, and 





1.2 : 
Beam with pre -| 
& post- tension kot 











1.0 
+Due to weight 
of slab 





0.8 











0.6 , 
[Beam with 


pretension only a 
Due to slab 
shrinkage ( & creep 
in beam ) 


—_--- 

















0.4 





Deflection (in) 








0.2 


Beam § ds? 


— 









































2 3 4 5 6 7 8 7 lO 
Age (days from casting of beam ) 


Fig. 7 — Observed deflection at midspan (Example No. |) 





1134 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


4 

















0.7 
SECTION 





0.6 





0.5 


0.4 ie 





Beam Camber (in) 


























0.3 
2 Casting of slab complete 























0.2 





0 4 8 12 hours 
days = + | 1 3 4 5 é 
Age of Slab Concrete 


Fig. 8— CTC test beam 


it could therefore be expected that it would respond more readily to 
the heat in the slab. 

At the time the beam reached its maximum upward deflection, the 
slab concrete had a compressive strength of 2000 psi, a Young’s modulus 
of 2800 ksi, and the temperature rise had not yet started to subside. 
It therefore appears that the slab concrete must have gripped the beam 
before that time, and that the effects of shrinkage and temperature rise 
were in opposition to each other. 

Since the effects of shrinkage and temperature change were inter- 
mingled, the writer prefers at this time to compute the shrinkage de- 
flection on the same basis as used for the Norton Building test beam. 
Then, with E, = 1000 ksi, E, — 6600 ksi, and « = 0.000450, we obtain 
a midspan deflection 4 = — 0.489 in. This corresponds to the observed 
deflection if it is measured from a point 2 hr after placement of slab 
concrete was complete. 


EXAMPLE NO. 2 
During the spring and summer of 1959, the writer examined a number 
of precast wall panels of composite section, with marble facing and 
concrete backing. The panels were cast absolutely flat, but developed 
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Fig. 9— Wall panel with ai" 
marble facing and concrete “7 ae 
backing (Example No. 2) 
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a warp so that the surface took a slightly spherical shape when the 
concrete had cured. This was due to the restraining effect of the marble. 
It may be said that a truly flat panel can be obtained by grinding the 
marble facing to a plane surface after warping is complete, but such 
a solution was not considered to be practical. However, the warping 
was not excessive, ranging between % and 3/16 in. in a span length 
of 72 to 81 in. 

Dimensions of a typical panel are shown in Fig. 9. The marble is 
attached to the concrete backing with stainless steel clips, but the 
warping characteristics show that full integration is obtained by bond, 
and this will be assumed in the analysis of the problem. The fact that 
the marble facing is made up of several pieces will be neglected, since 
the joint is very narrow. The concrete backing is reinforced with 
welded wire fabric, but its restraining effect as compared with the 
marble is small, and it is neglected. 

With an effective Young’s modulus for concrete of 1000 ksi, that for 
marble 6000 ksi, and the total free shrinkage of concrete equal to 
0.000500, we compute deflections of 0.139 and 0.176 in. in the short and 
long directions, respectively. These compare with the observed range 
of 0.125 to 0.187 in. 


COMMENTS AND CONCLUSIONS 


With regard to predicting deflections caused by shrinkage, it is now 
possible to do so with an accuracy that is satisfactory from a practical 
viewpoint. However, it requires some experience and judgement in 
the choice of values for Young’s modulus and shrinkage. The writer’s 
experience verifies Ferguson’s statement’? that the effective Young’s 
modulus may be approximately 1/40 that of steel. With the better qual- 
ities of concrete, a value of about 1000 ksi appears to be applicable. 
Both modulus and shrinkage are affected by the quality and quantity 
of the ingredients that go into the concrete, and depend also on how 
the concrete is placed and cured. More research is indicated, with 
emphasis on the effective modulus and the effective differential shrink- 
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age. Concretes of zero slump and very high strength, such as 5000 psi 
at 12 hr and 9000 psi at 28 days, are already being used in production, 
partly to satisfy the demands on the end product and partly to facilitate 
a 24-hr production cycle. Such concretes should be included, in addition 
to the usual mixes obtained from ready-mixed concrete plants. 

The forces, moments, and stresses resulting from the analysis pre- 
sented herein are based on full elasticity (with reduced E, value for 
the slab) of the materials, even though the cast-in-place concrete de- 
velops from a fully plastic to a solid and essentially elastic material. 
There will undoubtedly be some adjustment in stresses, and they may 
not be linear, but the existence of the moments and forces in the magni- 
tudes indicated (long-term creep neglected) is well established by the 
deflection characteristics of the well-seasoned precast beam. 

The stress distribution in the interface near the end of the span is 
still uncertain. Even though the approach given for the determination 
of reinforcement has served satisfactorily, a better understanding and 
possibly a better approach may result from more research in this field. 

The method of this paper may be applied to other problems of a 
similar nature, such as a cast-in-place concrete slab on a steel beam, 
and a slab-beam combination with a temperature difference between 
slab and beam. 
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Title No. 56-57 


Plastic Forms for 
Architectural Concrete 


By J. A. HANSON 


Pleasing and unusual architectural effects in concrete are being obtained 
by the use of forms made of plastics. The architectural treatment may con- 
sist of both surface finish and bold pattern decoration. The concrete surfaces 
can be either glossy-smooth or textured. In either case, the surface is 
free of open air and water pockets. No special facing mixes, no parting 
agents, and no polishing or grinding are required. The extremely fine 
smooth finish of plastic-formed concrete sale improves the attractive- 
ness of integral colors, and due to the high reflectivity, smaller amounts of 
pigment are required to obtain a given color intensity. 

A considerable number of reuses are obtainable with the plastic forms, 
thus reducing the cost through multiple use. Laboratory tests established 
optimum curing conditions for this type of architectural concrete. It was 
found that temperature control is important if a high degree of reflectivity 
is desired. 

Although the present development of plastic forms was initiated only 3 

ears ago, a considerable fre of applications have been made in the 


Feld. Several of these are described. 


i CONCRETE IS RECOGNIZED AS A VERSATILE building material, but the 
architectural beauty that can be achieved through different textures, 
patterns, and colors is not so well known. The recent development of 
casting concrete against plastic forms to produce satin-smooth glossy 
surfaces is one more method that can be added to the variety of surface 
treatments available for producing attractive concrete panels. This 
versatility is demonstrated by Fig. 1, exhibiting concrete panels with 
bold patterns and color combinations that can be readily seen and ap- 
preciated at distances of several hundred feet, and showing also how the 
depth of relief and composition of the decorations create contrasting 
shadow patterns. The lower design is particularly effective in producing 
a constantly changing appearance as the direction of the sunlight changes 
throughout the day. 

These panels were photographed exactly as they were obtained on 
stripping of the plastic form. The surfaces are free of open air and water 
pockets and no surface treatments such as special facing mixes, polish- 
ing, grinding, or waxing were employed. Also, no parting agent was 
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applied to the form prior to casting. The concrete as cast was an ordi- 
nary mix originally designed for structural purposes. As such, the mix 
contains %4-in. maximum size aggregate. The reader will appreciate 
that the black and white photographs shown here do not do justice to 
the lustre and color of the actual concrete surfaces. 

While the “gloss” of the plastic formed concrete has been the focus 
of attention during the past 3 years of development, pleasing surface 
textures are also obtainable by the same method of casting. This tex- 
ture may be imparted to the plastic as produced at the factory, or 
special textures may be formed for particular jobs. The plastic sheet 
most widely used by the industry for concrete molding purposes is 
formed with high gloss on one side and leather-like (hair-cell) texture 
on the other, thus giving the user a convenient choice. The textured 
surfaces may be preferred by many architects, especially under exposure 
conditions that might be considered detrimental to the permanence of 
gloss. A basic advantage of casting concrete against plastic is the as- 


= 
» 





ig. |—Bold designs and shadow patterns 
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surance of uniform color and appearance of the concrete, particularly 
since the form has negligible absorption, and discoloration by parting 
agents is eliminated. Several companies producing plastics are intro- 
ducing thin stock that can be produced in long rolls for casting flat 
concrete surfaces where such uniformity is desired without distinctive 
pattern. 


PLASTIC FORMS 


The 21 x 21-in. plastic form shown in Fig. 2 was used to mold the 
upper concrete panel. This form was molded from sheet plastic approxi- 
mately 1/16 in. thick. Pattern decoration such as this can be imparted 
to the thermoplastic sheet either by positive pressure or vacuum forming. 
Vacuum forming of the plastic may offer considerable economic advan- 
tage in that high finish quality is not required in the original model 
over which the plastic is formed. In this process the plastic comes in 
contact with the original pattern on the side opposite to that against 
which concrete will be cast, and minor imperfections in the pattern 
are not reproduced in the concrete. 

The pattern may be of various materials such as wood, plaster of 
Paris, metal, or glass. Small diameter holes are drilled through the 
model at strategic low points in the design. These holes are incorporated 
in a vacuum system, usually by placing the model in a pan that has a 
marginal lip for automatically sealing the edges of the plastic sheet. 
After this sheet has been heated above 300 F, it is placed over the pan, 
and the vacuum valve is opened. Due to the extreme flexibility of the 
plastic at this temperature, almost instantaneous forming over the model 
then occurs. Most of the firms making plastic forms for concrete are 
existing jobbers in the plastics industry. However, in at least one in- 
stance, a concrete producer has 
constructed his own vacuum form- 
ing equipment. 

The construction of the model 
should incorporate sufficient draft 
of the pattern lines to insure ease 
of stripping of the concrete. Depth 
of relief should be considered in re- 
lation to width of pattern valleys to 
avoid over-thinning of the plastic 
material. Precise tolerances of 
large finished concrete products 
may require allowance for the cool- 
ing shrinkage of the plastic. The 
model dimensions of small refine- 


Fig. 2—Plastic form and concrete pane! 
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ments and niceties of design must provide proper allowance for plastic 
thickness if they are to be faithfully reproduced. The plastic materials 
that have been used to form concrete range from a few mils thickness to 
¥g in. or greater. The extremely thin sheets offer difficulty in the preven- 
tion of wrinkling and are subject to accidental puncturing and tearing. 

Size of the individual designs may range from 1 sq ft or smaller up to 
approximately 4 ft wide by 7 ft long. This length limitation may be ex- 
ceeded with the use of the thin “roll stock” being introduced by plastic 
producers. However, for the present the width is limited to 4 ft by the 
machinery producing the plastic sheet stock at the factory. 

The requirements for a successful plastic-formed concrete are similar 
to those for all types of high quality architectural concrete. The concrete 
mix should be well proportioned and controlled. At least 6 sacks of 
cement per cu yd of concrete are recommended and aggregate should 
be well graded with sufficient fines to assure a good trowel finish. Max- 
imum size of aggregate should be consistent with the thickness of the 
slab. Slump, when using lightweight aggregate, should not exceed 342 
in., and for normal-weight aggregate concrete the slump should not 
exceed 44% to 5 in. Air entrainment is recommended for increased dura- 
bility and workability. The form liner should be used clean and dry. 
The liner surface can be highly polished by rubbing with a dry towel, 


and this polish will be imparted to the concrete. No parting agents 
should be employed since these agents remove the sheen and give a 
smeared appearance to the cured concrete. Thorough vibration is nec- 
essary to break air bubbles from the formed surface, but, in accordance 
with sound concreting practice, overvibration is to be avoided. 


If a high degree of gloss is desired, the best results are obtained when 
the concrete is cured under some type of waterproof membrane, such 
as polyethylene film, preserving the original moisture in the mix without 
gain or loss of water. Specimens cured under excess moisture conditions 
have practically no gloss. Specimens which were allowed to dry during 
the curing period gave inferior results compared to the membrane 
curing. It was also found that temperature of curing must be maintained 
close to that of casting to obtain high reflectivity. The temperature 
coefficient of expansion of plastics is much higher than the coefficient 
for concrete, and thus separation of the plastic from the concrete will 
occur with a considerable temperature change. For the highest degree 
of gloss the temperature change between casting and stripping should 
not exceed +5F, although these limits may be extended for many 
applications. A dull but smooth surface results when the plastic is 
separated from the concrete during curing, whether this separation is 
due to temeprature change, accidental rough handling, or deliberate 
early stripping. For high gloss, curing in the plastic form for at least 
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Fig. 3—These ten panels were cast with structural grade lightweight concrete 

mixes using white cement, with the exception of the gray panel which contained 

gray cement without pigment. Pigments were used in amounts of from | to 6 per- 
cent by weight of cement to produce the desired shades 


Fig. 4—Six concrete panels in brilliant colors with extreme glossiness. Some of the 
patterns are quite intricate with the concrete formed in several planes 
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48 hr and preferably 3 days is recommended and some improvement of 
gloss has been noted with longer periods. Curing conditions are much 
less critical if a textured plastic is used. 


LABORATORY DEVELOPMENT 


A variety of plastic formulations was tried in the laboratory as form- 
ing materials, and it was found that many plastics will give a smooth 
finish to concrete. However, factors other than surface finish must be 
considered, such as the number of reuses which may be obtained from 
a single piece. The plastic must have sufficient flexibility to withstand 
the strains of handling and stripping, and at the same time, it must 
be rigid enough to mold architectural patterns without wrinkling or 
sagging in unsupported locations. The most satisfactory materials we 
have used are various butadiene styrenes and linear polyethylenes. The 
initial development work was carried out in cooperation with the U. S. 
Rubber Co. After trials of several existing formulations an improved 
product was found that had sufficient reuseability to be considered 
economical for architectural concrete. 


One of the questions most frequently asked in regard to this type 
of architectural concrete is that of durability. In laboratory tests which 
are still in progress, samples of the glossy concrete have been subjected 


to 150 freezing and thawing cycles and to 300 cycles of wetting and 
drying. No significant surface deterioration or discoloration has been 
found. In spite of this satisfactory behavior under laboratory testing, 
experience may indicate that textured surfaces are to be preferred to 
glossy surfaces for exterior exposure. More information is needed before 
questions regarding durability of the surface can be answered with 
complete assurance. 


COLORED CONCRETE 


One of the pleasant surprises connected with the plastic forms has 
been the enhanced appearance of colored concrete. With the much 
improved surface, the brilliance and uniformity of colors has been 
raised to a high degree compared to colors attained with other types 
of forming or finishing. The ten panels of Fig. 3 were cast with struc- 
tural grade lightweight concrete mixes using white cement, with the 
exception of the gray panel which contained gray cement without pig- 
ment. Except for the blue and the black, the pigments were com- 
mercial synthetic iron oxides. The pigments were preblended dry with 
the white cement prior to mixing. With the increased brilliance of the 
colors, smaller amounts of pigment were necessary than are normally 
recommended. In these panels the pigments were used in amounts of 
from 1 to 6 percent by weight of cement to produce the desired shades. 
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The panels of Fig. 4 are similar to those of Fig. 3 but the reflectivity 
of the concrete was increased to a high degree with the use of improved 
plastic sheet. With this extreme glossiness, the red, yellow, green, and 
slate gray colors were obtained in radiant shades. Some of the patterns 
in these six panels are quite intricate with the plastic being vacuum 
formed into several planes. In addition, many of the decorative lines 
had very narrow widths relative to their depth. In spite of these diffi- 
culties, the original wood patterns were faithfully reproduced in the 
plastic. 


FIELD USAGE 


Although the development of casting concrete in plastic forms has 
been proceeding for only some 3 years, this method has already been 
used on a number of structures. 

In the 88-100 University Avenue Office Building, Toronto, Ont., Can- 
ada, the method has been used for pan ceilings. In these jobs, the usual 
metal pans were replaced with fiber-reinforced plastic pans. In other 
respects the concreting and form removal procedure was similar to that 
of usual waffle grid ceilings. The use of plastic pans for waffle con- 
struction requires only minor cleanup and permits exposed ceilings 
if so desired. 


Fig. 5 (left)—Plastic forms in position for casting column of PCA Fire Research 
Center. Fig. 6 (right) —Details of completed column 
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Fig. 7—Decorative panel at 
entrance of PCA Fire Re- 
search Center 


The new Fire Research Center of the Portland Cement Association 
used plastic forms in several instances. This building was precast on 
the site and erected into place. The design features 11 columns on each 
side that were cast face downward against plastic forms. Fig. 5 shows 
the installation of the plastic in the bottom of the column prior to 
placing the second side wall. Seventeen pieces of plastic, each 2 ft 
square, were required for each column. These pieces had flat surfaces 
at all edges and were held in place by the chamfer strips along the 
sides, and abutting edges of the plastic forms were covered with a 
tapered wood divider strip. Fig. 6 presents a detailed view of the clean 
appearance of the completed column after erection. Six different pat- 
terns are used in a predetermined sequence over the entire building. 
The architect preferred to avoid glossiness of the concrete and specified 
the leather-like texture for the plastic surface. In these designs the 
pattern is %4 in. deep. Minimum internal vibration was used in placing 
the concrete, but the column surfaces are essentially void free. 

The decorative panel at the Fire Research Center entrance (Fig. 7) 
effectively used a checkerboard combination of exposed aggregate and 
plastic-formed concrete. Each panel is 21 x 21 in. The lobby beyond 
this entrance is lined with 12 x 12-in. glossy concrete block that alter- 
nate flat and patterned surfaces. These blocks were installed with % in. 
flush mortar joints. 


Construction firms in Milwaukee have used plastic-formed concrete 
for the window opening decoration of several apartment and office 
buildings. The straight lines of one of these designs, shown in Fig. 8, 
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Fig. 8—Decoration of office 
building in Milwaukee 


are simple but effective. A somewhat more spectacular design of inter- 
locked pyramids was also utilized to decorate larger areas of window 
opening decoration. 


In connection with their new office building the Riverside Cement Co. 
in California decorated a 160 ft long fascia beam (Fig. 9) with a design 
similar to that employed in folded roofs. The feature of this job is that 
the plastic forms a cast-in-place vertical surface. It is considerably 
more difficult to obtain void-free surfaces on vertical than on horizontal 
planes. On this job great care was exercised to secure complete vibration 
of the concrete that was directly in contact with the plastic. The archi- 
tect wisely employed nearly vertical lines in the pattern, with no hori- 
zontal projections of the plastic to entrap air and water bubbles as they 
tend to rise during consolidation. Near the top of the flutes there is 
one point at which air would certainly be entrapped in ordinary cir- 


Fig. 9—Decoration of cast-in-place fas- 
cia beam, Riverside Cement Co. office 


building 
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Fig. 10—Plastic-formed ma- 
sonry facing, Elk's Lodge, 
Chaffee, Mo. 


cumstances. Here the contractor drilled %-in. holes in the plastic and 
found that this effectively removed entrapped air. 

Fig. 10 shows how plastic forms were used at the entrance to the 
Elk’s Club at Chaffee, Mo. In this installation commercial 8 x 16-in. 
concrete block were faced with a cement-sand mixture cast in a plastic 
pan. The bond between the facing and precast block depends only on 
the natural bond of the two concretes. After facing in a precasting 
plant, the wall was laid up as a stacked bond with standard masonry 


Fig. 11|—Largest plastic-formed job to date: Bullock's Department Store, Santa 
Ana, Calif. 
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procedures. The effective use of shadow patterns gives this wall the 
appearance of a stacked system of 8 x 8-in. masonry. 


Bullock’s Department Store building in Santa Ana, Calif., represents 
one of the largest uses of precast plastic-formed concrete to date. Fig. 11 
shows a view of one side of this attractive structure. Approximately 
23,000 sq ft of precast elements were used in the form of 1-ft squares. 
Each small panel was 1 in. thick. The panel fabricator reports that 1000 
pieces of plastic were used; thus, the average reuse of each piece of 
plastic was 23 times. The architect specified a smooth but nonreflective 
surface and consequently the forms were stripped within a few hours 
after casting. The specifications also required that the concrete panels 
be colored with three shades of beige placed randomly over the struc- 
ture. The use of these three colors is particularly apparent in the 
heavily shadowed portion of the figure. The forms were molded with 
square edges on two sides and the other sides had some draft to allow 
stripping. The 1-sq ft units were then attached to the back-up wall with 
parge mortar in a series of four to form a larger design, 2 ft to the side. 
Interior joints were kept tight by pushing the no-draft sides together, 
and exterior joints of each 2-ft square were spaced uniformly with a 
removable %4-in. rope. 

The use of concrete screens for combined functional and architectural 
purposes has been growing rapidly. Grillework of this type can add 
decoration to structures while providing such functions as ventilation, 
equipment cover, or sunlight shielding. Concrete screens placed over 
the large window areas common to many office buildings will materially 
reduce air conditioning cost. Widespread use in the past has been some- 
what hampered by the intricate form necessary to cast these products in 
concrete. Vacuum forming of plastic is a good solution to this problem 
and was employed to cast the screens shown in Fig. 12. These buildings 








Fig. |12—Concrete screens providing mechanical equipment cover 
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are located in Bullock’s shopping center in Santa Ana. The screens 
which provide shielding of mechanical equipment located on the roof, 
are anchored both mechanically and with mortar. A pebble texture 
was applied to the concrete surface by the plastic. 


CONCLUSION 


There will be an ever increasing use of plastic forms as architects 
and concrete fabricators become familiar and adept in their use. Com- 
plex designs and brilliant colors, as indicated by Fig. 4, can be obtained 
economically. The architect’s creativeness is given a wide range of 
formal expression, and his designs can be obtained economically. The 
outstanding advantages offered by plastic forms are ease of stripping, 
absence of air and water voids, uniformity of natural appearance, pat- 
terns visible from greater distance, beauty of texture and design, and 
realization of the full potential inherent in permanent color decoration. 
These characteristics give promise that plastic forms will become one 
of the major methods of achieving architecturally pleasing concrete 
surfaces. 
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Final report of a project sponsored 
by Reinforced Concrete Research 
Council at the University of Illinois 


Effect of Floor Concrete 
Strength on Column Strength 


By ALBERT C. BIANCHINI, ROBERT E. WOODS, and CLYDE E. KESLER 


Forty-five specimens representing portions of the corner, edge, and 
interior column and floor sections of a typical structure were tested under 
axial compressive loads and the results analyzed to determine the follow- 
ing: (1) how large a differential in column concrete strength and floor 
concrete strength could be tolerated without decreasing the load-carrying 
capacity of the column, and (2) the allowable load-carrying capacity 
of the column if this differential is exceeded. The following variables were 
included: type of specimen, column concrete strength, and floor concrete 
strength. 

From the analysis of the test results, a procedure was developed for 
computing the ultimate load of a column in which the column concrete 
is intersected by floor concrete. These limited tests indicated that the 
column strength is a function of the ratio of column concrete strength to 
floor concrete strength and the number of restrained edges tributary to the 
column. No reduction in column strength occurred for ratios of column 
concrete strength to floor concrete strength up to 1.4 for all types of 
specimens and up to |.5 for most types of specimens. 


MM sOIN PRESENT DAY REINFORCED CONCRETE CONSTRUCTION, substantial econ- 
omies may be achieved by designing the floors, which may consist of 
slabs or slabs and beams, with medium strength concrete and the columns 
with high strength concrete. In the resulting structure, layers of floor con- 
crete intersect the columns at each floor level. As these layers are 
usually made of lower strength concrete than the column itself, it is 
probable that under some circumstances such layers may decrease the 
load resisting capacity of the column. 

The effect of the floor concrete on the strength of a column may be 
expected to depend on the lateral restraint offered to the lower strength 
floor concrete, on the relative strengths of the two concretes, on the 
relative thickness of the floor and the size of the column, on the per- 
centage of column reinforcement, and on the eccentricity of the load. 
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The restraint to the lower strength concrete may be offered by the 
surrounding floor, by the floor reinforcement, and by the column con- 
crete located above and below the floor layer. The restraint may 
entirely prevent failure of the floor concrete, as may well be the case 
for interior columns in which the surrounding floor provides a very 
effective lateral restraint. In other cases, however, the restraint may 
just raise the strength of the layer of floor concrete above the value 
expected on the basis of known cylinder strength. The restraint offered 
by the floor is likely to be different for each of the three types of col- 
umns: corner, edge, and interior. The restraint offered by the floor 
reinforcement will probably vary with the amount and arrangement 
of this. steel. And the restraint offered by the column concrete may be 
expected to be a function of the ratio of floor thickness to column size 
and of the ratio of concrete strengths. 

The effects of eccentricity of loads are related to the state of stress 
in the column-floor joints. Column-floor joints loaded eccentrically, in 
which the weaker floor concrete is only restrained laterally around a 
portion of its perimeter, may carry larger loads than concentrically 
loaded column-floor joints provided the eccentricity is in the right di- 
rection. 


Object and scope 

The object of this investigation was to determine how large a differ- 
ential in column concrete strength and floor (slab or slab and beam) 
concrete strength could be tolerated without decreasing the load-carrying 
capacity of a column, and to determine the allowable load-carrying ca- 
pacity of the column if this differential was exceeded. 

The investigation included 54 axially loaded column specimens. Of 
the 54 specimens, 45 represented portions of the corner, edge, and in- 
terior column and floor sections of a typical structure and each specimen 
consisted of two tied columns with an intersecting floor between the 
two columns. The remaining nine specimens consisted of plain tied 
columns without any intersecting floor concrete. For the column and 
floor specimens, the ratio of column concrete strength to floor concrete 
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Fig. | (left) — Details of 
column specimens (column 
series). Fig. 2 (right) —De- 


tails 


of sandwich column 


specimens, Type S (slab 


series) 
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strength was varied systematically while the floor thickness, column 
cross section, and the percentage of column reinforcement were held 
constant. 


Outline of tests 
The investigation included seven different types of specimens and was 


divided into three series: 


column series, slab series, and beam series. 


An outline of the tests given in Table 1 indicates that the major variables 
were: type of specimen, column concrete strength, and floor concrete 
strength. The types of specimens investigated are shown in Fig. 1 
through 7. In all specimens an axial compressive load was applied to 


the columns. 


Notations 
The following notations are used: 


A. 


net area of concrete in column 
section 

gross area of column section 
area of column reinforcement 
ratio of the concrete stress on 
an axially loaded column with- 
out floor (slab or slab and 
beam) concrete to the com- 
pressive strength of a 6 x 12-in. 
concrete cylinder 


- 28-day standard cylinder com- 


pressive strength 

27-day, 28-day, or 29-day com- 
pressive strength of 6 x 12-in. 
column concrete control cylin- 
ders 


= 28-day compressive strength of 


6 x 12-in. floor (slab or slab 
and beam) concrete control 
cylinders 

apparent strength of floor con- 
crete 

0.40 f,, nominal allowable stress 
in the column reinforcement 


= yield point stress of column re- 


inforcement 


= geometry of specimen 


ultimate strength of a concen- 
trically loaded column 

total allowable axial load on 
the column 


= A.f, + CA-f’.». Calculated load 


on the specimen where C = 0.85 


= maximum test load on speci- 


men 
percentage of column rein- 
forcement 


- ratio of the cross-sectional area 


of column reinforcement to the 
gross area A, 

percentage of floor reinforce- 
ment 

restraint afforded the floor 
portion of the column section 
by higher strength column con- 
crete 

lateral restraint afforded the 
floor portion of the column sec- 
tion by overhanging floor con- 
crete 
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SPECIMENS, MATERIALS, AND TEST PROCEDURE 


Description of specimens 

The details and dimensions of the specimens used in this investigation are 
shown in Fig. 1 through 7. All columns used in this investigation were tied 
columns 11 in. square and reinforced with four #6 bars. Column ties consisted 
of #2 bars. 

The details of the specimens used in the column series are shown in Fig. 1. 
The specimens in this series had no intersecting floor concrete; they were either 
57 in. long or 70 in. long and were used to evaluate the adequacy of the present 
ACI Building Code (318-56) ultimate load column formula. 

The details of the four different types of specimens tested in the slab series 
are shown in Fig. 2 through 5. The specimens in this series consisted of two 
Square tied columns and a slab 7 in. thick placed between the columns. The slab 
portions were reinforced on top and bottom with #4 bars as shown in Fig. 3 
through 5. In the sandwich column specimens, Type S, the slab was cut off along 
the column periphery. For the corner cclumn specimens, Type C, the slab was 
square and the column was in one corner. In the edge column specimens, Type 
E, the slab was rectangular and the column was in the middle of one side. For 
the interior column specimens, Type I, the slab was square and placed con- 
centrically with respect to the column. 

Details of the two different types of specimens tested in the beam series are 
shown in Fig. 6 and 7. The specimens in this series consisted of two square tied 
column sections and a 7 in. thick slab and 8 x 20-in. beams placed between the 
columns. The slabs were reinforced on top and bottom with #4 bars, and the 
beams reinforced with #8 bars. In the beam sections #3 bars were used for 
the stirrups. In this series, Type E and Type I specimens were similar to the 
Type E and Type I specimens of the slab series. In the edge column specimens, 


TABLE |—OUTLINE OF TESTS 


__ Column series | ______ Slab series Beam series 
fice, | Speci- fice | fier fier fice, fer, fice 
psi_|menNo.*| psi_| psi_| f'er |Specimen No.7 psi | psi | f'er |Specimen No.j 


~ Series 57 Ve Type S Type E 
~ 9500 | C7557 +7500 | 2500 | 3.0 | S75S3.0 ’ 9000 | 3000 3.0 B90E3.0 
C6057 6c00 §—s«-2500 «24 = S60S2.4 7500 2500 3.0 BT75E3.0 
C5057 5000 2500 $50S2.0 6000 2000 3.0  B60E3.0 
C4557 3750 2500 $37S1.5 
car | _—_—_—s Type CEI Type E,I 
C3057 9000 | 3000 | 3. S90C,E, or I3.0 3000 B60E or 12.0 
____Series 70 7500 «= 2500S 3. S75C,E, or 13.0 2500 B50E or 12.0 
7500 | C7570 6000 2000 S60C,E, or 13.0 2000 0 (B40E or 12.0 
5000 | C5070 [ —“(“‘C DNS OCTypeCELOOC~*# a Sais ae TypeE 
3000 | C3070 6000 S60C,E, or 12.0 3000 «15 «=| B45E1.5 
5000 S60C,E, or 12.0 2500 | 15  BS37E1.5 
4000 Lf S40C,E, or 12.0 2000 «15  B30E15 
a CEI ; 
4500 S45C,E, or 11.5 
3750 S37C,E, or 11.5 
3000 S30C,E, or 11.5 


*The designation of each specimen in the column series consists of one letter and four 
numbers. The first letter C designates the column series; the next two numbers represent 
the nominal column concrete strength (75 for 75€0 psi, 50 for 5000 psi, etc.); and the last 
two numbers represent the height of the column (57 for 57 in., 70 for 70 in.). 

tThe designation of each specimen in the slab and beam series consists of two letters and 
four numbers. The first letter designates the phase of the investigation (S—slab series, col- 
umn to slab; B—beam series, column to slab and beam); the next two numbers represent the 
nominal column concrete strength (75 for 7500 psi, 50 for 5000 psi, etc.): the second letter 
stands for the type of specimen (S—sandwich column, C—corner column, E—edge column, 
I—interior column); and the last two numbers represent the ratio of the nominal column 
concrete strength to the nominal floor concrete strength. 
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Fig. 3— Details of corner 
column specimens, Type C 
(slab series) 
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Type E, the slab was rectangular and the column was in the middle of one side. 
Also, two beams were placed underneath, parallel and flush to the outside edge of 
the slab and connected into the column. For the interior column specimens, Type 
I, the slab was square and placed concentrically with respect to the column. Also, 
beams extended in four directions underneath the slab from the column faces. 


Materials 

Cement —A standard brand of Type I portland cement was used throughout 
the investigation. 

Aggregates — Both the well graded fine and coarse aggregates used in the 
concrete mixtures were from the Wabash River near Covington, Ind. The sand 
had a fineness modulus of 3.12 and the gravel had a fineness modulus of 6.75. 
The bulk specific gravities, based on saturated surface dry, were approximately 
2.65 and 2.70 for the sand and gravel, respectively. The absorption of both fine 
and coarse aggregate was about 1 percent, by weight, of the surface dry aggregate. 

Concrete mixtures — The investigation involved ten different concrete strengths 
ranging from 2000 to 9000 psi. Mixes were designed for 28-day nominal com- 
pressive strengths. 

The average column and floor compressive strengths, f.. and f’-;, determined 
from a minimum of five 6 x 12-in. control cylinders, are listed in Tables 2 and 3 
for the specimens in the column series and the slab and beam series, respectively. 
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Fig. 4—Details of edge col- 
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Fig. 5— Details of interior 
column » 9 apne Type | 
(slab series) 
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The compressive strength values listed in Table 2, for the bottom column and top 
column of each specimen in the column series are 28-day strengths. In addition, 
the average of these two strengths is given. In Table 3, the compressive strength 
values listed for the bottom column, top column, and intersecting floor of each 
specimen in the slab series and beam series are 29-day, 27-day, and 28-day 
strengths, respectively. 

Reinforcement — Intermediate grade deformed bars, satisfying the require- 
ments of ASTM A 305-53T and A 15-54T, were used as reinforcement. The col- 
umn reinforcement consisted of four #6 bars with #2 bars as ties. The slabs 
were reinforced, both on top and bottom, with #4 bars and the beam reinforce- 
ment consisted of four #8 bars. Beam stirrups were #3 bars. 

In Tables 2 and 3, the yield point and ultimate strength values of the column 
reinforcement are listed for each specimen tested. The column reinforcement 
for any one specimen was cut from one bar 30 ft long. One coupon 2 ft long 
was then cut from each bar and tested. A typical tensile stress-strain curve for 
the column reinforcement is shown in Fig. 8. 


Fabrication and curing 

All specimens were cast in waterproof plywood forms in an upright position. 
The column reinforcement was placed in position with the use of steel chairs. 
The bottom reinforcement for the slab or beam was supported on small wood 
blocks resting on the bottom of the forms. 

All concrete was mixed from 3 to 5 min in a nontilting, horizontal, 6.5-cu ft 
drum mixer. Slump was determined immediately after mixing. After the con- 
crete was placed in the forms and control cylinder molds, it was vibrated for 
approximately 15 sec with an internal high frequency rod vibrator. 


























Cohumn Stet - Ne Fig. 6—Details of edge col- 
Slab Steel 


Slab Stee! - umn specimens, Type E 
Beom Stirrups: No (beam series) 





EFFECT OF FLOOR STRENGTH ON COLUMN STRENGTH 


Fig. 7 — Details of interior 
column specimens, Type | 
(beam series) 

































































Each specimen in the column series was cast in 1 day. Each specimen re- 
quired two batches of concrete, and for each batch, six 6 x 12-in. concrete con- 
trol cylinders were made. The forms were removed the day after casting, and 
the specimen placed in a fog room at 75F for 6 days. It was then stored in the 
air of the laboratory until tested at an age of 28 days. 

In the slab series and the beam series, 3 days were required to cast each 
specimen. The bottom column was cast the first day, the floor portion the 
second day, and the top column the third day. Each portion of the specimen 
required one or two batches of concrete, and for each portion of the specimen, 
six 6 x 12-in. concrete control cylinders were made. On the third day after 
casting the bottom column, the forms 
were removed, and the specimen was 90 
placed in a fog room at 75F for 5 days. 

This, in effect, resulted in 7 days moist 80 
curing on the floor portion of the speci- 

men. It was then stored in the air of the 
laboratory and tested when the floor 
concrete was 28 days old. 


Test procedure 

All specimens were tested in com- 
pression in a 3,000,000-lb capacity hy- 
draulic machine. A typical test set-up 
is shown in Fig. 9. Each specimen was 
placed centrally under the loading head 
of the testing machine, and a high 
strength gypsum cement placed be- 
tween the bottom column stub and the 
flat steel bed of the testing machine 
to insure a smooth bearing surface. 
The top column stub was capped with 
a high strength gypsum cement and 
an 11 x 11 x 1%-in. steel plate. The 
capping compound was allowed to dry 
for approximately 1 hr before any load Fig, 8—Typical stress-strain curve for 
was applied to the specimen. column reinforcement 


Stress, |OOOpsi 


0.0010 00020 00030 


Strain, in./in 
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To insure that the specimens were 
being loaded axially, three or four dial 
gages, graduated directly to 0.001 in., 
were placed around the perimeter of 
the specimens. The dial gages were 
mounted on posts which were set on 
bed of testing machine as shown in Fig. 
9. 

A preload of 20,000 lb was applied to 
the specimen before the spherical seat, 
attached to the head of the testing ma- 
chine, was wedged in a fixed position 
to prevent any rotation. The column 
portions were thus loaded as flat-ended 
columns. The load was then increased 
to 50,000 lb and in increments of 50,000 
lb thereafter until failure occured. At 
each loading increment, deflection 
measurements were taken. In addition, 
the specimen was examined for cracks, 
and in most cases, a pictorial record 
was made of changes in the crack pat- 
tern. Testing of each specimen took ap- 

Fig. 9—Test set-up proximately 1% to 2 hr. 


TEST RESULTS 
Test data 
The test data, for specimens in the column series and for specimens 
in the slab series and beam series, are summarized in Tables 2 and 3, 
respectively. 
Table 2 includes the concrete strengths of the bottom and top portions 
of the column, the yield point and ultimate strength of the column 


TABLE 2-—-MEASURED AND COMPUTED QUANTITIES—COLUMN SERIES 


e ; ~ Tensile strength of | | 
Ee Concrete | strength*, fie ¢, Psi ___ column steel, psi = inant 
No | Bottom of Top of Yield Ultimate | Peaic 
column column 7 Avg. strength strength 


Column series — Type 57 


7170 49,410 
5330 44,150 
4940 44,840 
44,980 
48 360 
_ 46, 830 


Column series — Type 70 


6640 45,180 76,960 
C5070 4460 44,750 76,355 
C3070 2460 45,870 79,300 
sa Average 
Standard dev iation 





*28-day compressive stren 
Ac Cf’ 


tPeaie =Asfy + Ao gstrengths. load on the specimen using the 1956 ACI Code ultimate 
load column formula. 
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reinforcement, and the ultimate load, P;,.,. The average column concrete 
strength listed was determined by averaging the bottom column and 
top column concrete strengths. 


Table 3 includes the bottom column and top column concrete strength, 
floor concrete strength, the ratio of the column concrete strength to the 
floor concrete strength, the yield point and ultimate strength of the 
column reinforcement, the location of the failure, and the ultimate load, 
P1.s¢. In computing the ratio of the column concrete strength to the floor 
concrete strength the compressive strength of either the bottom or top 
column, which ever was lower, was used. 


Behavior of specimens under load 

For each type of specimen tested various stages of cracking were 
observed prior to failure. These are shown in Fig. 10 through 14. In all 
cases failure occurred by crushing of concrete and yielding of the col- 
umn reinforcement. The typical behaviors, before and at failure, of the 
specimens tested were as follows: 

Column series — Vertical cracks first appeared in the column faces at 
loads approaching failure. Final failure occurred by yielding of the column 
reinforcement and crushing of the concrete. 

Slab series—For the sandwich column specimens, Type S, vertical 
cracks first appeared in the slab concrete between the two columns. Failure 
occurred in the slab concrete sandwiched between the two column sections. 

For the corner column and edge column specimens, Types C and E, three 
stages of cracking were observed: vertical cracks appearing on the ex- 
terior face, or faces, of the slab concrete which were flush with the top and 
bottom columns; cracking of the slab around the perimeters of the top and 
bottom columns; and cracks extending from the crack around the perimeter 
of the column towards the slab edges directly over the slab reinforcement. 


Fig. 10—Typical cracking for corner column specimens, Type C (slab series) 
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Fig. |1—Typical cracking for edge column specimens, Type E (slab series) 


In Specimens S40C2.0, S45C1.5, and S30C1.5, cracks extending from the 
perimeter of the columns, did not form. Typical cracking patterns are shown 
in Fig. 10 and 11 for the Type C and Type E specimens, respectively. 

Ultimate failure of all Type C and Type E specimens occurred either in 
the slab portion flush with the column face or faces, or in the bottom col- 
umn or top column. In Specimens S40E2.0 and S50E2.0, failure occurred 
at the junction of the bottom column and slab. 

For the interior column specimens, Type I, four stages of cracking were 
observed as shown by a typical example in Fig. 12. Cracking first took 
place on the vertical faces on the outside perimeter of the over hanging 
slab indicating that tensile stresses were present on these faces. These 
tensile stresses were caused by the lateral internal compressive stresses, 


TABLE 3—MEASURED AND COMPUTED QUANTITIES— 
SLAB SERIES AND BEAM SERIES 


Tensile strength of 
Specimen |Concrete strength,* psi) f’ec} | column steel, psi | Locationt 
Oo. |_ feo | fee | fer | fier Yield (|Ultimate} o 
{Bottom}; Top | | : strength strength| failure 


Slab series — Type S 
$75S3.0 2.44 48,360 80,380 415,000 3250 
S60S2.4 2.63 46,300 78,400 Ss 376,000 2910 
$50S2.0 2.39 43,330 74,440 416,000 3350 
$37S1.5 3180 1.54 45,270 78,570 390,000 3060 
Average 
Std. deviation 


Slab series — Type C 


3.05 44,930 77,190 480,000 | 3970 
2.76 | 44,700 77,530 516,000 4330 
420 46,310 80,640 385,000 3010 
1.84 | 44,320 76,800 550,000 | 4670 
80,640 450,000 | 3670 
75,110 367,000 | 2840 
76,030 440,000 | 3600 
78,080 400,000 | 3170 
75,870 300,000 | 2210 


Average : 0.98 
Std. deviation 0.076 
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TABLE 3 (Cont.)—SLAB SERIES AND BEAM SERIES 
le _ |  |fensilestrengthof, .- |; 
Specimen | Concrete strength,* psi| f’ect | column steel, psi |Locationt, Ptest, 
No. ‘ 


f' co f' ce fier | fier | Yield | Ultimate of Ib 
Bottom! Top | strength!strength| failure | 


Slab series — Type E 


S90E3.0 7610 2440 3.12 44,420 76,050 c 4850 
S75E3.0 7700 2380 2.86 45,640 79,360 , 4480 
S60E3.0 5190 1720 3.01 46,770 80,410 , 3560 
S60E2.0 6540 3470 1.89 44,930 76,500 3 . 4970 
S50E2.0 5380 2350 2.18 45,480 81,200 , 3690 
S40E2.0 3360 1390 2.42 44,650 77,910 , 2820 
S45E1.5 } 3670 2560 1.35 43,780 74,650 , 3650 
S37E1.5 3020 1990 1.52 44,000 75,350 y 3190 
S30E1.5 2290 1470 1.56 45,390 78,110 347,000 2650 

Average 

Std deviation 


Slab series — Type I 


$9013.0 2480 2.98 46,870 80,740 ~ 700,000 6110 
$7513.0 3220 2.31 42,730 74,320 ; 739,C00 6550 
S7513.0 2300 2.72 44,240 76,180 ; 650,000 5630 
S6013.0 2080 3.17 43,640 75,110 : 690,000 6050 
S$6012.0 3430 1.93 45,450 78,860 ; 700,000 6140 
S$5012.0 3090 1.91 45,00 77,500 580,000 4940 
$5012.0 2210 ; 43,330 74,440 ; 550,000 4660 
$4012.0 2460 : 45,160 76,730 432,000 3490 
S$4511.5 2870 , 44,520 77,170 600,600 5150 
$3711.5 2200 44,240 76,960 450,000 3680 
$3011.5 1940 43,150 76,250 - 445,000 3640 

Average 

Std. deviation 


Beam series Type E 


B90E3.0 2.78 45,890 77,850 452,000 3670 
B75E3.0 2.14 45,390 78,800 400,000 3170 
B60E3.0 : 2.79 45,280 77,650 460,000 3170 
B60E2.0 1.77 46,140 79,350 488,000 4020 
B50E2.0 2.16 46,410 80,580 392,000 3070 
B40E2.0 2.19 45,150 77,470 344,000 2620 
B45E1.5 1.77 42,655 77,550 451,000 3710 
B37E1.5 1.86 46,030 78,250 428,000 3430 
B30E1.5 1.11 45,760 79,790 296,000 2140 

Average 

Std deviation 


Beam series Type I 


B6012.0 1.88 45,500 76,980 542,000 
B5012.0 . 1.84 43,340 74,500 496 ,000 
B4012.0 1.95 45,020 77,810 450,000 
Average ... : 
Std deviation 
Over-all average 
Over-all standard deviation 0.075 


*f'ee bottom column—29-day compressive strength; f’ce top column—27-day compressive 
strength; f’:; — 28-day compressive strength. 

+Concrete strength, f’--, top or bottom column, whichever is lower used in ratio. 

tB—beam between slab and column; BB—junction of bottom column and beam; BC—bot- 
—_ column; BS—junction bottom column and slab; S—slab between column stubs; TC—top 
column. 

Sf'cp = (Prest A:sfy)/CAc. Computed concrete strength in the column at the maximum 
load where C 0.85. 

**Praic = Asfy + AcCf'cp. Calculated load on the specimen where C 0.85 and the value 
f'cp as given by equations on Fig. 15 through 20 
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or internal pressure, subjected to the 
overhanging floor concrete when the 
floor concrete intersecting the column 
was loaded axially. The remaining 
three stages of cracking were as fol- 
lows: vertical cracks of stage one pro- 
gressing inward, in line with the slab 
reinforcement to the perimeters of the 
top and bottom columns; cracking of 
the slab around the perimeters of the 
top and bottom columns; and cracks 
appearing in the column stubs adjacent 
to the slab surface. 

Failures for Type I specimens oc- 
curred either in the top column or the 
bottom column. 


Fig. 12—Typical cracking for interior 
column specimens, Type | (slab series) 


Beam series—For the edge column and interior column specimens, 
Types E and I, three stages of cracking were observed as shown by typical 
examples in Fig. 13 and 14, respectively. The first two stages for the Type 
E and Type I specimens were similar to the first two stages of cracking 
for the Type E and Type I specimens of the slab series, respectively. Split- 
ting of the beams from the bottom of the slab constituted the third stage 
of cracking. 

Typical failures of the Type E specimens occurred either in the bottom 
column or in the bottom of the beam next to the column. Specimen B30E1.5 
failed in the top column. Typical failures of the Type I specimens occurred 
in either the top column or bottom column. 


ANALYSIS 
Ultimate load capacities 
Without intersecting floor concrete — The ultimate strength of a short 
tied column without intersecting floor concrete, subjected to axial loads, 
is usually considered to be the sum of the ultimate strength, CA-f’.., 
of the net concrete area, and the load, A,f,, required to stress the column 


Fig. 13—Typical cracking for edge column specimens, Type E (beam series) 
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reinforcement to its yield point. 
The ultimate load, P, which the 
column can carry may then be com- 
puted as follows: 


P =CA-f'ee + Aufy (1) 


where C is the ratio of the concrete 
stress on an axially loaded column 


to the column concrete compressive 


strength as determined by 6 x 12- Fig. 14—Typical cracking for interior 
in. cylinders. column specimens, Type | (beam series) 


The ultimate load capacities for columns without intersecting floor 
concrete, computed from Eq. (1) with C = 0.85,* are compared in Table 
2 with the test data. The average ratio of the test to calculated values 
is 1.00, with a standard deviation of 0.049. 

With intersecting floor concrete —In computing the ultimate load of 
a column, when a sufficient length of the central portion of the column 
concrete is replaced by the weaker strength floor concrete, the value 
of f’.. in Eq. (1) should be that of the weaker floor concrete strength, 
f’-+. However, as the length of the floor section is reduced and restraints 
provided on the section in the form of slab or slab and beam reinforce- 
ment, column reinforcement, surrounding floor concrete, and surround- 
ing column concrete, there will appear to be an apparent increase in 
strength of the floor concrete above the value expected on the basis 
of known cylinder strength. This apparent strength, f’.,, may be ex- 
pressed as follows: 


f'n = F (Ff cr, free, Ri, Re, G, Pe, and py) (2) 


Other variables may influence the magnitude of f’., but the ones listed 
seem to be the important ones. Therefore, in computing the ultimate 
load of a column, with the usual thickness of intersecting floor concrete, 
the value of f’.. in Eq. (1) should be that of the apparent strength of the 
floor concrete, f’.,. Using the value of 0.85 for C and f’,, for f’.. in Eq. (1) 
the ultimate load of a tied column with intersecting floor concrete may 
be computed as follows: 


P = 0.85A-f’-p + Asfy (3) 
To use Eq. (3), the value of f’., must be known. Sufficient information 


is not available to develop a general expression for f’., involving all 
the variables listed in Eq. (2). However, expressions for f’,, were 


*ACI Committee 318, “Building Code Requirements for Reinforced Concrete (ACI 318-56),” 
ACI Journat, V. 27, No. 9, May 1956 (Proceedings V. 52), p. 984 
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developed for each type of specimen from the limited data obtained 
in this investigation. 

For any one particular type of specimen studied in this investigation, 
the lateral restraint, the end restraint, the geometry of the specimen, the 
percentage of column reinforcement, and the percentage of slab or 
slab and beam reinforcement remained constant. Therefore, Eq. (2) 
indicates that the apparent floor concrete strength, f’.,, is only a function 
of the floor strength, f’.;, and the column strength, f’.,, or: 


fro = F (frer, free) 


Empirical equations for f’., were developed from the test data of the 
different types of specimens investigated, and are given in Fig. 15 
through 20. In these figures, the ratio of the maximum apparent con- 
crete strength to the floor concrete strength, f’.,/f’.;, was plotted against 
the ratio of the column concrete strength to the floor concrete strength, 
f’-c/f’-7. The apparent concrete strength, f’.,, in the ratio f’.,/f’.;, was 
evaluated, for each specimen tested, by using Eq. (3) with P equal 
to Pies. The term f’,. in the ratio f’../f’.,, represents the bottom or top 
column concrete strength, whichever was lower, as determined from 
6 x 12-in. cylinders. 

The data on each figure were divided into two distinct failure types, 
column failures and joint failures. For a given type of specimen the 
type of failure depended on either the column strength or the ratio of 
the column concrete strength to floor concrete strength. 
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ig. 15—Effect of f’../f’.;, sandwich column specimens, Type S (slab series) 
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Fig. 16—Effect of f’.../f’.,, corner column specimens, Type C (slab series) 


If the specimen failed in the column, the apparent floor concrete 
strength, f’.,, in Eq. (3) was equal to the column concrete strength, f’.. 
For this case, a 45-deg column failure line was constructed on each 
figure. In Fig. 15 through 20, it can be seen that all specimens which 
failed in the column lie close to the column failure line. 
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Fig. 17—Effect of f'../f’<7, edge column specimens, Type E (slab series) 


c 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE May 





al 
f 
\f 
4 
Column Failure Line+, 7 
ra r + 
f 
ee u fe -9.74 40.40 


° fe) fet fet 


“Joint Failure Line 


Slab Series 
interior Column (Type I) 
@-Slab Failure 
O-Column Failure 











40 


Fig. 18—Effect of f’.../f’.,, interior column specimens, Type | (slab series) 


If the specimen failed in the floor, or joint, the apparent floor con- 
crete strength, f’.,, was less than the column concrete strength f’,.. In 
this case, a decrease in the load-carrying capacity resulted as compared 
with a column of the same column concrete strength with no intersecting 
floor concrete, as indicated in Fig. 15 through 19 by the joint failure lines. 


The ratios of the maximum test load, P;,.:, to the calculated maximum 
load, P..:-, are listed for each specimen in Table 3. The value, Pio, was 
computed by using Eq. (3) where f’., was given by the equations shown 
in Fig. 15 through 20. The over-all average ratio of the test to calculated 
values is 1.01, with an over-all standard deviation of 0.075. The ratios 
of the test to calculated loads agreed within 12 percent except for three 
specimens. These specimens were S40C2.0, B75E3.0, and B40E2.0 which 
had discrepancies of 17, 25, and 16 percents, respectively. 


Effect of the ratio of column concrete strength to floor concrete strength 

There were two important variables affecting the ultimate strength of 
the specimens tested in this investigation. These variables were the 
ratio of the column concrete strength to the floor concrete strength, 
f'cc/f’-7, and the type of specimen. For the types of specimens tested, 
the effect of the ratio f’../f’., on the load-carrying capacity may be 
studied directly from Fig. 15 through 20. 

The analysis indicates that up to some maximum critical value of 
f'cc/f’cy, there will be no reduction in column strength due to intersecting 
floor concrete. Up to this critical value of f’../f’.;, the apparent floor 
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concrete strength, f’.,, is equal to the column concrete strength, f’<<, 
thus resulting in a column failure. For values of f’../f’., greater than 
the critical value, there will be a reduction in the column load-carrying 
capacity as compared with a column of the same column concrete 
strength with no intersecting floor concrete. For this case, the apparent 
concrete strength f’., is less than f’,,., thus resulting in a joint failure. 

The analysis indicates that ratios of f’../f’., of 1.50, 1.40, 1.50, and 1.54 
for the Types S, C, E, and I specimens, respectively, of the slab series, 
and 1.39 for the Type E specimens of the beam series can be reached 
before the apparent concrete strength, f’.,, becomes less than the column 
concrete strength, f’,.. For the Type I specimens in the beam series the 
apparent concrete strength, f’.,, is still equal to the column concrete 
strength, f’.., for a ratio of f’../f’., of approximately 2.0 


Effect of type of specimen 

The effect that the type of specimen had on the load-carrying capacity 
of a column can be observed in Fig. 21, which consists of the curves 
shown in Fig. 15 through 20. 

For ratios of f’../f’., defining joint failures, the joint failure line for 
each type of specimen in the slab series and beam series, was at a 
different slope as shown in Fig. 21. A study of the figure indicates that 
the slope of the joint failure line increased as the number of sides of 
the specimen being restrained by overhanging floor concrete increased. 
The slopes of the joint failure lines were 0.00, 0.38, 0.45, and 0.74 for the 
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[ypes S, C, E, and I specimens, respectively, of the slab series and 0.05, 
and 1.0 for the Types E and I specimens, respectively, of the beam series. 
It is interesting to note that Types C and E specimens of the slab series 
had a joint failure line slope of 0.00 for ratios of f’../f’.; less than 1.95 
and 1.82, respectively. 

In the Type S specimens of the slab series, the apparent concrete 
strength reached a uniform top limit of 1.50 f’,, for ratios of f’cc/f’c; 
greater than 1.50. It is believed that the magnitude of the top limit will 
depend on the dimensions of the weaker concrete, and to some extent 
on the actual strength of the weaker concrete. 

The data indicate that the efficiency of the Type E specimens of the 
slab series was greater than the Type E specimens of the beam series. 
The increase in efficiency may be explained in terms of the thickness of 
weaker concrete and the amount of lateral restraint on the weaker 
floor concrete. In the Type E specimens of the slab series the weaker 
concrete was restrained for its full depth on three sides, whereas, in 
the Type E specimens of the beam series the weaker concrete extended 
down the column shaft below the slab for the depth of the beam and 
was restrained on only two sides and a small portion of the third side. 

The efficiency of the Type I specimens of the beam series was slightly 
greater than the Type I specimens of the slab series. However, broad 
conclusions should not be drawn because statistically there was an 
insufficient amount of test data for the Type I specimens of the beam 
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Fig. 20—Effect of #../f’.7, interior column specimens, Type | (beam series) 
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Fig. 2i—Effect of type of specimen (slab series and beam series) 


series to evaluate a joint failure line. An examination of Fig. 20 indi- 
cates that only three Type I specimens of the beam series, with approxi- 
mately the same ratio of f’../f’.,, were tested. However, based on the 
data obtained, it may be possible that the restraint to the weaker con- 
crete strength was greater in the Type I specimens of the beam series 
due to the extra projection of concrete and use of additional steel as 
compared to the restraint in the Type I specimens of the slab series. 


DESIGN CONSIDERATIONS 


Design formulas 

Based on the results of this limited investigation using sand and 
gravel concrete, and assuming tentatively that the results are applicable 
to all tied columns, the present ACI Code tied column formulas, both 
for working load design and ultimate strength design may be used for 
ratios of f’../f’., up to 1.4 for corner and edge columns and for ratios 
of f’../f’-; up to 1.5 for interior columns. 

For corner and edge columns, the data indicate that no substantial 
benefits may be obtained by increasing the column concrete strength 
beyond 1.4 times the floor concrete strength. 

For interior columns it appears that approximately 75 percent of the 
column concrete strength above 1.5 times the floor concrete strength 
may be effective in sustaining load. For this case the value of f’, to be 
used in both the working load and ultimate strength tied column 
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formulas listed in the ACI Code* may be computed from the following 
equation: 


f’e = 1.50 f'-r + 0.75 (f'ee — 1.50 fier) (4) 


Using f’. as given by Eq. (4) the following working design and ultimate 
strength tied column formulas are obtained: 


P, =A, (0.14 f’-e + 0.067 f'-7 + 0.80 f.p,) (5) 
P = A. (0.64 fee + 0.31 fier) + Aufy (6) 


The data indicate that Eq. (5) and (6) are applicable for ratios of 
f’-c/f’'-g between 1.5 and 3.0 for interior slab intersected columns and 
for ratios of f’,./f’., between 1.5 and 2.0 for interior slab and beam inter- 
sected columns. 


CONCLUSIONS 


The following conclusions may be drawn from the results of this 
limited investigation on the effect of floor concrete on column strength. 


1. Two types of failures were observed in these tests: column failures 
and joint or floor failures. The type of failure obtained in each specimen 
depended on either the column strength or on the ratio of the column 
concrete strength to the floor concrete strength. 


2. The data and analysis indicate, that up to some critical value of 
the ratio of column concrete strength to floor concrete strength f’../f’.;, 
the 1956 ACI Building Code ultimate load column formula may be used 
in computing the ultimate load for tied columns with intersecting floor 
concrete. These critical ratios of f’,./f’., are 1.4 for corner and edge 
columns and 1.5 for interior columns. 

3. For ratios of column concrete strength to floor concrete strength 
greater than the critical values, the ultimate strength of a tied column 
with intersecting floor concrete is a function of the amount of restraint 
offered to the floor portion of the column and also of the ratio of the 
column concrete strength to the floor concrete strength. For this case 
the ultimate strength may be computed from Eq. (3) which is a modified 
form of the present ultimate load column formula. 

The above conclusions are based on a limited investigation in which 
only two variables were considered. These were the ratio of the column 
concrete strength to the floor concrete strength and the type of joint. 
Many items which might have considerable influence on the behavior 
of the specimens, such as the type of column (tied or spiral), column 
size and shape, percentage of column reinforcement, thickness of the 
floor, percentage of floor reinforcement, the height of the specimen, 


*ACI Committee ~ 4 Kg" Code Requirements for Reinforced Concrete (ACI 318-56),’ 
ACI Journat, V. 27, No. 9, May 1956 (Proceedings V. 52), p. 984. 
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type of concrete (lightweight or normal weight), and the type of loading 
(axial or eccentric), were not considered. A broader investigation 
should be conducted in which the effects of the above variables, constant 
in this investigation, should be studied to provide a better understanding 
of the behavior involved and a more adequate basis for design. 
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Title No. 56-59 


Performance and Design of 
Special Purpose 
Blast Resistant Structures 


By ROBERT A. WILLIAMSON 


The structures housing scientific equipment used in nuclear tests in the 
South Pacific are discussed from the standpoint of service experience 
and structural design approach. Two structures, one sited below ground, 
and the other above ground, are described, and damage history is briefly 
discussed. The general procedure currently used in the design of these 
structures is presented and illustrated with a numerical example. 


MB Propasly THE LARGEST AMOUNT of concrete construction of American 
origin, designed to resist the effects of nuclear blast, is located beyond 
the limits of the United States, on the coral islands of the Eniwetok and 
Bikini Atolls, in the South Pacific. Most of this construction consists of 
scientific stations, housing measuring and support equipment used to 
obtain information for scientists in studies of nuclear fission and fusion 
phenomena 

Design of these structures often involves problems stemming from 
extremely high overpressure and extrapolation of available knowledge, 
while construction on the remote and scattered island complex presents 
additional problems in material supply and logistics. Both design and 
construction were performed under a tight timetable imposed by con- 
ditions typical of nuclear test operations. 

The service record of these stations constitutes an almost unrecog- 
nized, but sizable body of information. This paper deals with the 
performance of some of the structures and the approach currently used 
in their design. 


STRUCTURAL TYPES 


The stations can be broadly classified according to strength, into 
non-expendable or semi-expendable types, depending on whether sur- 
vival in an undamaged condition is required, or whether damage is 
acceptable provided that records and equipment can be recovered intact. 
However, the distinction between these two categories is not clearly 
defined. 
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Nearly all the structures are of reinforced concrete, made using coral 
aggregate and sea water.' This material is stable in the climatic con- 
ditions which occur, and provides a good balance between strength 
and protection from radiation. Ultimate static strengths of 3000 psi are 
normally used in design. Concrete utilizing limonite ore for fine aggre- 
gate and steel scrap for coarse aggregate, and mixed using sea water, 
were used where dictated by shielding requirements.” A typical concrete 
of this type has a density of about 300 lb per cu ft and a strength of 
2500 psi. 

The structural systems used were influenced largely by the require- 
ments of the scientific agency involved, by construction conditions, and 
by the “crash” nature of the test operation. Circumstances generally 
result in the choice of one and two way slabs for walls, roof, and founda- 
tions; however, flat slab roof systems (usually without drop panels) 
are occasionally used. The high water table in many cases dictates the 
choice of a mat footing. 

The size and configuration of these stations varies widely, so that it is 
difficult to select any structure as being representative. However, two 
major stations, one buried, the other located on the surface, have been 
chosen as examples. Both of these stations, like most of the others, were 
unmanned at the time of the shot, all equipment operations being re- 
motely controlled by a sequence timing control system. 

Fig. 1 shows the general configuration of an earth covered station, 
consisting of three instrumentation rooms, A, B, and C, and utility room, 
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Fig. |—Floor plan of earth 
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D, which houses support equipment, including motor generator sets and 
dehumidifying units. These rooms occupy an area about 40 x 50 ft and 
have a 9 ft ceiling height. (The arrow marked GZ near the top of the 
figure points toward Ground Zero.) A tunnel, E, with a 90 deg bend to 
reduce radiation effects, provides normal access to the station through 
blast door F. Emergency access is available through the vestibule, G, 
which provides postshot radiation protection for personnel engaged in 
recovery of records. 

Because of the high water table, the station is only semi-buried, the 
earth cover over the roof being supplied by backfill confined by retaining 
walls, H, which are expendable under blast. The area I is a ramp and 
loading platform, also expendable. 

Lead anti-radiation doors are provided at entrances to rooms A, B, C, 
and D. A section through rooms A, B, and C is shown in the upper right 
part of this figure. Throughout this area roof and floor thicknesses are 
48 in. and exterior wall thicknesses are 42 in. 

Roof, floor, and walls of the tunnel are 34 in. thick. Steel percentages 
throughout the structure range from about 0.25 to about 0.6. All elements 
are designed as one and two way slabs. 

Fig. 2 shows the general features of a multistory camera bunker 
located on the ground surface. Plan dimensions are roughly 56 x 33 ft; 


























Fig. 2—Camera bunker 
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o Fig. 3—Failure of camera 
door in camera bunker 
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height above grade is also 33 ft. The camera door opening, which faces 
Ground Zero, is a narrow horizontal slot 18 in. high and 24 ft long, 
closed by a steel door which is hinged at the top and held in the open 
position by a cable incorporating an explosive link. This link is detonated 
on receipt of a timing signal, breaking the connection, and allowing the 
door to swing shut prior to the arrival of the blast wave. Room A and 
the vertical shaft B contain reflecting mirrors; C, D, and E are rooms 
housing high-speed cameras and associated equipment, and F is a 
utility room. 

Roof thicknesses range from 30 to 72 in., and exterior walls vary in 
thickness from 36 to 72 in. The thickness of the buttresses is 36 in. 
and the mat footing is 58 in. thick. Steel percentages range from about 
0.25 in thick walls to about 0.7 in thinner walls. Cross hatched areas in 
the figure indicate limonite concrete, used for radiation shielding. 

Except for the lintel beam over the camera door and beams over 
room F, the construction consists generally of one and two-way slabs. 
Floors and roof act as diaphragms, transmitting blast loads on the front 
of the bunker to the sidewalls. Ties and stirrups are used throughout 
and diagonal bars are added in major construction joints where high 
stresses occur. The joint between the limonite front wall and the re- 
mainder of the structure requires this type of reinforcement and the use 
of shear keys as well. 


SERVICE EXPERIENCE 


The performance of all types of structures has been generally satis- 
factory at pressures often far beyond those commonly considered in pro- 
tective construction. With very few exceptions, parital or complete 
failure has usually been confined to features which were not important 
functionally. 


The most common type of damage occurs to the retaining walls used 
to confine earth berms covering buried stations. It is usually impractical 
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to design these walls to remain completely intact; instead, when such 
retaining walls are loaded by overpressure against the outside face, the 
backfill is used to limit the wall movement. As would be expected, 
typical distress consists of cracking at points of restraint, such as those 
present at junctions with the main structure and at wall returns. How- 
ever, such damage can be minimized by proper backfilling techniques. 

Blast waves approaching from the fill side seem to present no problem. 
Walls designed for static earth pressure only have remained intact after 
being exposed to this type of loading in the 100 to 200 psi zone. However, 
the top part of the wall has collapsed on several occasions when the 
backfill was terminated below the top, or when the fill had been previ- 
ously eroded by blast generated water waves. 

One major failure has been experienced as shown in Fig. 3. This was 
the shear failure of the camera door sill in the large surface mounted 
bunker previously shown, which was exposed to pressure considerably 
greater than twice the anticipated value. The postulated sequence of 
events is shown in views 1 through 6, the door finally being wedged in 
the vertical shaft at the rear of the structure as shown in view 6. The 
shear stress on a section through the door sill (section A-A of Fig. 4) may 
have exceeded 600 psi. Minimum concrete cylinder strength in this 
structure was 3200 psi. Additional damage also occurred in other locations. 








a 



































rare 














a > 














aj ---3.°-"e. 


AS BUIL? POST BLAS. 


Fig. 4—Section thru camera bunker door frame 


‘4° }- o*4 


SREB: ‘Ri a ion: 





1176 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE May 1960 


Flexural cracks appeared in the outer face of the lintel beam above the 
camera door at the underside of the roof slab. In addition, shear cracks 
occurred in the sidewall adjacent to the shutter opening, and in one of 
the buttresses. 

Ground shock due to nuclear explosions has produced damage similar 
to earthquake damage, in an earth-covered structure located in a 150- 
200 psi range. This consisted of severe cracking at junctions between 
distinct parts of the structure, which might have been minimized had it 
been possible to structurally separate the two parts. This was not feasible, 
largely because of radiation problems. Horizontal accelerations were 
sufficient to shear latches on interior lead doors, and bolts anchoring a 
compressor to its foundation. 


DESIGN METHODS 


Criteria for designing blast resistant structures is developing so rapidly 
that periodic modifications of procedures have become necessary. The 
original approach in designing the scientific structures was a necessary 
expedient which treated overpressures as static loads and utilized the 
convention] working stress concept, using the customery increases in 
allowable stresses appropriate to short term loading. The service record 
of stations designed in this way was generally satisfactory; however, 
the inconsistent amount of reserve strength and lack of economy in this 
»yrocedure demonstrated the necessity for evaluating ultimate resistance 
and transient response in a more realistic fashion. To satisfy this need, 
the original working stress concept was replaced with one based on 
ultimate strength, and the steady state load assumption was modified to 
account for the transient nature of the blast loading. 

The selection of a revised design method was influenced by two 
main factors. They were: (1) the accuracy with which the loading and 
its effect can be predicted and (2) the impelling need for a procedure 
which is rapid. Load prediction involves considerable error, and, in 
addition, even slight variations in the loading and structural properties 
can cause major variations in response. For these reasons, uncertainties 
as to the behavior of the “as built” structure under the actual loading 
cannot be eliminated by analytical refinements. 

Furthermore, the nature of test operations at Eniwetok Proving 
Ground requires the design and construction of a large number of 
structures in a very short time. Structural design methods must be rapid. 


The necessity for speed, and lack of precision in the input data both 
stressed the need for a procedure which trades precision for simplicity. 
The approach which most nearly fulfilled this requirement is that 
based on the work of Newmark.** While this method may not suffice 
for all structures, it is adequate for the large majority of the types 
considered here. Its principal features involve (1) the use of a simplified 
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type of resistance-deflection curve in the elastic and plastic ranges, (2) 
substitution of a load pulse decaying linearly with time in place of the 
actual load-time relation, and (3) provision for a rapid means of deter- 
mining dynamic response. The aim of this design method is to approxi- 
mate the resistance required in order to survive the transient over- 
pressure with a degree of damage falling within some specified range. 
The technique consists of (1) estimating the natural period of vibration 
of the member relative to the effective duration of the blast load, (2) 
estimating an acceptable limiting value of the maximum transient 
deflection in terms of the yield point deflection, and (3) from these 
estimates determining the yield resistance, or equivalent static load 
for which the design must be made. This approach has been presented 
before,* and the following discussion merely summarizes its main fea- 
tures, and the considerations on which it is based. 


RESPONSE PARAMETERS 
Notation 


A ratio of energy absorption at yield resistance of a structural 
maximum deflection to energy element, psi 
absorption at yield = period of vibration, sec 

A, = area of tension steel, sq in. time, sec 

A,’ = area of compression steel, sq in. = effective duration of linearly 


b beam width. in. decaying overpressure, sec 


coefficient in formula for pe- = deflection, in. 


riod of vibration, in. per sec = ductility factor—ratio of deflec- 
tion at collapse to deflection at 
yield 

percentage of tension steel for 
positive moment = 100A,/bd 


coefficient in formula for yield 
deflection 


dimensionless impulse parame- 


ter = (2#I/rT)? , 
: ‘ F percentage of compression steel 

= effective depth, in. — 100A’,/bd 
= ultimate compressive strength of 

concrete, psi Subscripts 

impulse (area under pressure- = compressive 

time curve), psi-sec — maximum 
= clear span, in. = rise time 

bending moment, in.-lb = period of vibration 


= overpressure intensity, psi y = yield 


First to be considered are the various properties which affect struc- 
tural response. As shown in Fig. 5, there are several main parameters 
establishing the dynamic behavior of a structural element, such as the 
beam indicated, which carries a transient load decaying linearily with 
time from an initial peak value. One set of parameters consists of the 
properties of this triangular loading (peak overpressure, p,,, and its 
duration, t,); the other set is associated with the structural properties 
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of the member, in particular, its idealized resistance deflection curve, 
defined by the peak resistance, r, which the member develops when a 
static load is applied in the same pattern as the dynamic load, p. This 
resistance establishes the ordinates of points A and B. The abscissas of 
these points are the yield deflection, y,, and the maximum transient 
deflection, y,,. The ratio, y,,/y,, cannot exceed a certain upper limit, as 
governed by the ductility available in the member. At this upper limit, 
the deflection, y,,, becomes the collapse deflection, and the ratio y,,/y,, 
attains its maximum permissible value, », which is a structural property 
of the member called the ductility factor. The final parameter in this 
set is the fundamental period of vibration of the member, designated 
as T, which, in part, is a function of the slope of line OA. 

The required resistance of a beam, such as the one shown in Fig. 5, is 
readily found in terms of the other parameters by use of the response 
chart shown in Fig. 6. This chart, developed by Newmark,* gives the 
response of structures which can be closely represented by undamped, 
single-degree-of-freedom systems subjected to a triangular load pulse. 
The plot, based on results of exact analyses, is in dimensionless form, 
with ordinates in terms of y,,/y,, and abscissas in terms of the ratio of 
the effective duration of the loading, t,, to the period of vibration, T. 
The solid lines sloping upward to the right are ratios of peak overpres- 
sure, Pp», to the resistance, r, and the dashed lines sloping upward to 
the left are ratios between the time, t,,, to reach maximum deflection, and 
the period of vibration. Given any two of these parameters, the third 
may be obtained. For example, if the ratios p,,/r and t,/T are given, 
Ym/Y, can be found. Or. conversely, if t,/T is given, and if y»/y, is 
specified to have any value between unity and its upper limit, », the 
ratio p,,/r can be determined. 
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Since blast loading prediction is subject to variation within wide limits, 
and since estimates of structural properties also lack precision, it be- 
comes important to determine how changes in the various parameters 
affect structural response. The data in the chart provides insight of 
this nature in a form convenient for design purposes. A simple example 
illustrating use of the chart is shown in the upper right portion of 
Fig. 6, where it is indicated that if a peak blast pressure of 100 psi 
intensity has an effective duration equal to twice the period of vibration 
of a member, and if the maximum transient deflection is to be 20 times 
the yield deflection, the required resistance is about 100 + 1.7 or 59 psi. 

Another, more general solution, is used for finding response to a 
loading of the type shown in Fig. 7, decaying linearly, as before, from 
its peak value, p,,, to zero, in a time t,. Superimposed on this curve is 
an initial impulse — a high intensity pressure lasting for a time which 
is short compared to the period of vibration, and whose effect is meas- 
ured by the cross-hatched area, I, under the pressure-time curve. In some 
cases, this loading condition simulates the actual blast loading more 
closely than does the triangular variation without the impulse spike. The 
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Fig. 7—Semi-empirical response relationship 











solution,®:'* based on straightforward application of energy concepts, is 
given by Eq. (1), Fig. 7, with terms as defined in the figure. 

When t, is very small compared with T, the second term vanishes 
and the first term gives an exact result. At the other extreme, when t, 
is very large compared with T, the first term vanishes and an exact 
solution is given by the numerator of the second term. The denominator 
of the second term is an empirically determined adjustment which en- 
ables Eq. (1) to be applied throughout the entire range of t,/T with an 
error which is usually small. 

The D term is associated with the impulse spike, and the A term, 
which involves areas under the load-deflection diagram, is the ratio of the 
total energy absorption at failure to the energy stored at yield. When 
used for cases to which the response chart of Fig. 6 applies, Eq. (1) gives 
results which are essentially the same, the maximum error being less 
than 5 percent. 

Use of the response chart, or Eq. (1), eliminates much of the work 
which would otherwise be involved in the rigorous solution of the 
dynamic problem, so that the major portion of the design effort lies in 
establishing the response parameters themselves—the loading properties 
and the structural properties of the member. Much of this effort would 
still be required even if the actual loads to be considered were applied 
statically rather than dynamically. 
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BLAST LOADS 


The matter of blast loading is the most uncertain feature of blast 
resistant design. Unclassified data on this subject is given in the book 
entitled The Effects of Nuclear Weapons,® prepared by the Department 
of Defense, and published by the AEC, and has been extended, in some 
areas, in two recent ASCE papers by Anderson*® and Murphy’ in the 
November, 1958, issue of the Structural Division Journal. These docu- 
ments are referred to here because the limited scope of this paper 
precludes an adequate discussion of blast phenomena. 

The variation of pressure in the blast wave with time can take many 
forms, and is affected by such factors as the yield of the device, the 
height of burst, horizontal range, and interaction with the ground or 
water surface, and with the structure itself. The so-called ideal wave 
form shown in Fig. 8(a), which rises to an instantaneous peak, is only 
one case. Other, non-ideal forms,® such as that shown in Fig. 8(b), may 
result in a less severe loading on buried structures, but, due to unusually 
high dynamic pressure, can cause a more severe loading on surface 
mounted structures of certain types. One common characteristic of the 
non-ideal wave is its slow rise time, t,. Small changes in the rise time 
relative to the period of vibration can bring significant changes in re- 
sponse, making the calculation of maximum deflection extremely un- 
reliable. An example of this is shown in Fig. 9, adapted from analytical 
studies by J. W. Melin*® of the University of Illinois. This figure plots 
maximum transient deflection, y,,, relative to the yield deflection, y,, 
for rise times, t,, which are various multiples of the period of vibration, T. 
In the particular case illustrated, the triangular pulse has a total dura- 
tion, t,, equal to ten times the period of vibration, and the beam is 
capable of resisting a static uniform load, of intensity, r, equal to that 
of the peak overpressure, p,,. Under these conditions, which are not 
extreme, the maximum transient deflection can vary as much as 700 
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Fig. 8—Blast wave forms 
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Fig. 9—Effect of rise time 
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percent, depending on whether the rise time is zero or some integral 
multiple of the period of vibration. 

Since the occurrence of a steep-fronted shock wave with very short 
rise time may be a possibility, current design practice is to assume zero 
rise time. It should be noted that finite rise time is only one of several 
factors which make deflection predictions inaccurate except under 
closely controlled conditions. 

As previously mentioned, a pressure-time relation decaying linearly 
with time, is substituted for the actual curved variation, for design 
purposes. The principle involved in the substitution is shown in Fig. 10 
and is based on the simple fact that normally only that portion of the 
loading prior to the instant, t,,, at which maximum deflection occurs, is 
of interest. Usually, this interval is a very small fraction of the total 
duration of a nuclear blast, so that the difference between the equivalent 
linear approximation and the actual curve is also small. Hence, the 
nearest linear substitution having a duration, t,, which is compatible 
with time, t,,, gives acceptable results. 

The procedure in making this substitution is as follows: 

1. As a first trial, assume t, so that the area under the assumed 
linear approximation roughly equals that under the actual curve (line 
fa). Calculate t,/T, and, for the assumed value of either y,,/y,, Or P»/T, 
find t,,/T from a chart, such as Fig. 6. Calculate t,, and locate this as 
point b. If point b falls to the right of line fa, the assumed t, value is 
correct and no further trails are needed. 

2. If point b falls to the left of line fa, draw fbc, obtaining a new trial 
t, corresponding to point c. With this new t, value find a new t,, value 
as in Step 1 (point d). 

3. Draw fde to get another value for t, (point e). 

4. Repeat Steps 2 and 3 until the trial and derived values of t, reason- 
ably agree. The process usually converges very quickly. 
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Fig. !0—Determination of 
equivalent triangular pulse 
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5. When agreement is reached, as a further refinement, the t, value 
can be adjusted so that the area under the linear approximation up to 
time t,, equals that under the actual curve, as indicated by the cross 
hatching in the figure. 

Another loading case of practical interest is that shown in Fig. 11, 
typical of the pressure-time variation on a vertical wall exposed to re- 
flected pressure. If the structure attains its maximum deflection before 
the overpressure drops to the value p,,, the effective duration can be 
approximated by point t,’, located by extending line FA. If the time to 
reach maximum deflection is longer, the load-time curve can be approxi- 
mated by FAt,. The value of t, can be conservatively estimated by apply- 
ing the procedure previously demonstrated in Fig. 10 to the curve p,,AB, 
neglecting the impulse spike Fp,,A. This results in a loading curve to 
which Eg. (1) is applicable (see Fig. 7). 

An important simplification occurs when the effective duration of the 
overpressure is many times the period of vibration of the member to be 


Impulse spike 


Qverpressiure 


Fig. |1—Equivalent triangu- 
lar pulse with impulse spike 
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designed. Under these conditions only a rough estimate of the duration 
is needed, and the member can be designed for a static load equal to the 
blast load multiplied by an appropriate safety factor. This is the situation 
which, for example, prevails in the case of buried structures subjected to 
long duration overpressures typical of detonations in the megaton range. 


STRUCTURAL PROPERTIES 
Consideration will now be given to the various parameters associated 
with load-deflection characteristics of the structural element itself. Re- 
gardless of whether the member is a beam, two way slab, or any other 
member which can be represented adequately by a single-degree-of- 
freedom system, most of the properties defining its behavior are known 
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Fig. 13—Ultimate flexural resistance of uniformly loaded beam 
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If the static load-deflection curve can be drawn. Fig. 12 illustrates such a 
curve, identified by the line OCEB. For design purposes, this curve is 
replaced by the equivalent bi-linear curve, OAB, of the type previously 
shown in Fig. 5, chosen so that the total area under the equivalent curve 
equals that under the original curve. This leaves the strain energy ab- 
sorption at maximum deflection unchanged, largely eliminating any 
error in making the substitution. 


The properties of interest are those of the equivalent curve, and 
include the maximum ordinate, r, yield deflection, y,, and maximum 
deflection, y,. Of these properties, the most important is the yield re- 
sistance, r. The value of the yield resistance in flexure is considered to be 
reached when localized plastic deformation of the reinforcing steel 
occurs at locations sufficient in number to cause collapse. As a simple 
example, Fig. 13, the ultimate flexural resistance of a uniformly loaded 
beam with end restraints would be attained when yield moments are 
developed at each end and at midspan. 

Similar collapse considerations apply in determining flexural re- 
sistance of slabs, in which yielding is assumed to be concentrated in 


y~ 25~(2) T=ahe(t)~-(5) 


FiLiiiG ~ 3e0 ~ 43000 


piiiritG ~ 7600 » % 86000 
firiifc, ~ 5700 % 64000 
tiiiitc ~ /700 s 15000 


Fig. 15—Yield deflection, y,, 
and period of vibration, T (4// units of length are in inches) 
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“crack-lines” of a certain pattern. The theory and application of the 
yield-line and yield-hinge hypotheses have been presented in previous 
ACI literature by Hognestad,® and by Whitney, Anderson, and Cohen,'® 
and will not be included here. 

It is necessary to have an indication of the amount of ductility avail- 
able in a reinforced concrete flexural member. The expression shown as 
Eq. (3) in Fig. 14 gives the approximate collapse deflection of a rect- 
angular beam or one way slab in terms of the yield point deflection.*"! In 
this expression, ¢ is the percentage of tensile steel and ¢’ is the percent- 
age of compression steel. The upper limit of » is held to about 20, in the 
case of beams reinforced with intermediate grade steel, and, for shear 
failures, which are brittle in nature, » is restricted to a value of about 2. 

Where it is necessary to roughly estimate deflections, the effective 
yield deflection, y,, based on the equivalent bi-linear resistance-deflection 
curve, can be approximated from an expression’! of the form shown as 
Eq. (4) in Fig. 15, where C, is a factor which depends on the yield 
point and span-wise distribution of the steel, end conditions, and type of 
member (one or two way slab, for example). Representative values for 
a one way slab with various end conditions, and reinforced with equal 
amounts of positive and negative steel of intermediate grade, are as 
shown. The deflection, y,,, at collapse is obtained as the product sy,. 

For approximating the period of vibration, T, which is the remaining 
structural property required, the rather complex expressions found 
in most texts are simplified to the form shown in Eq. (5) of this same 
figure. The values of C, shown apply to one way slabs with equal 
amounts of positive and negative steel, and are based on the use of the 
equivalent bi-linear resistance-deflection curve of Fig. 5 and 12. 

When a member carries dead load in addition to its own weight, T 
is increased in accordance with the fact that the period of vibration 
varies as the square root of the total mass involved. The period of 
vibration of an earth covered roof s'ab would be computed on this basis. 


Design stresses 

Structural resistance cannot be calculated without first assuming 
design stresses. These stresses are based for the most part on the yield 
strength of the reinforcing steel and the ultimate strength of the con- 
crete. In the case of intermediate grade reinforcing steel, an elevated 
yield stress of 50 ksi is used for blast loading. This value is based on 


considerations which include the average variation of material proper- 
ties above the specified minimum, and the increase in yield stress under 
rapid loading. Calculation of yield moment capacity of flexural mem- 
bers is based essentially on the provisions of the Appendix in the ACI 
Code dealing with ultimate strength design.!” 
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The ultimate compressive strength of the concrete under blast loading 
is assumed to be one-third greater than the static value. For 3000 psi 
coral concrete, for example, 4000 psi is used. 

The design of columns follows the recommendations in the Appendix 
of the ACI Code,'* with elevated values being used for the ultimate 
strength of the concrete and for the yield strength of the steel. 

The strength of concrete members in shear, which is currently a sub- 
ject of considerable research, is especially important in the design of 
members subjected to high overpressures. In these cases, member depths 
are controlled by shear, and the use of stirrups may be necessary, even 
in slabs. 

Until recently, evaluation of shear strength has, in general, followed 
conventional practice, except for the use of allowable stresses roughly 
double the usual basic values, and the assumption of a critical section 
at d/2 from the face of support. This procedure is now being revised in 
light of investigations''’* in this field which point to the significant 
influence of variables in addition to concrete compressive strength and 
percentage of web reinforcement, such as end conditions, span to depth 
ratio, and percentage of longitudinal steel. 

The ultimate bond stress is assumed as 0.15 f.’, which is slightly more 
than double the value for top bars specified in the ACI Code.’® Minimum 
bond laps of 30 diameters are used. 

A shear stress of 0.1 f,’ is used for the cracking load in shear walls and 
diaphragms. The design of these elements is based largely on results of 
tests reported by Benjamin and Williams.'® 


Safety factor 


The ultimate design approach requires the use of a safety factor, 


which is incorporated by multiplying the anticipated overpressure by 
a number which, in general, ranges from 1.0 to 1.5, depending on the 
use of the station and the overpressure level. 


EXAMPLE 

The following example applies the foregoing criteria to the investiga- 
tion of the roof slab of a buried structure. The slab has a clear span 
of 20 ft and carries 4 ft of earth cover. Total depth is 22 in. and effective 
depth is 20 in. One percent tensile steel is used at supports and at mid- 
span. Compression steel percentage is 0.25. Concrete static ultimate 
strength is 3 ksi and reinforcing steel is intermediate grade. End 
conditions permit the development of yield moments at the supports. 

The problem is to determine the peak overpressure which will cause 
failure in flexure. The overpressure is assumed to decay linearly from 
its peak to zero in 0.30 seconds. 





1188 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE May 


Solution 
@¢= 1.0, # = 0.25, d = 20 in, L = 20 ft = 240 in., t: = 0.30 sec. 


Dead Load (psi) 

22 . 150 

12 144 
4(100) 


Earth = W. = — = 2.8 
144 


Slab = W. = = 39 


Total = W’ = 4.7 psi 
Ultimate moment capacity 
From Eq. (Al), Ref. 12, (neglecting compression steel with minor error) 


rer * 50,000 
— - (0.01 - 
leat, ) 733 (3,000) 


M, = bd’*f’.qg(1—0.59q) = (1) (20)*(1.33) (3,000) (0.125) [1 — (0.59) (0.125) | 


0.125 


M, = 185,200 in. lb per in. of width 


Flexural resistance 
From Eq. (2), Fig. 13 


8 M.+M 8 16M 
——t Ms 4-— oe (2M.) = = 
( Ms 4 )= pr GM) =—7, 


L? 2 


16 (185,200) 
(240) (240) 


Net available r = 51.4— 4.7 


51.4 lb per in. per in. width 


Maximum ductility 
From Eq. (3), Fig. 14 


_10 10 - 133 


Bos — oe 
o¢—?@ 1 — 0.25 


Period of vibration 
From Eq. (5), Fig. 15 
L L —=- _240_ (. 240 = 0.0335 sec 
dV¢@C:  20y¥1 \ 86,000 


Mass correction = | a = 


"2 = ULB) CaS) = 0.053 sec 


Overpressure to Cause Collapse 


t: _ 0.30 
T 0.053 


From Fig. 6, 


P= — _Pm — 1116 
T 46.7 
Pm = 1.16 (46.7) = 54.2, say 54 psi Ans. 
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The effect of changing various parameters is easily studied by means 
of a response chart, such as Fig. 6. For example, to estimate the value 
of p, at which the slab will remain completely elastic under a pulse 
having t, = 0.30 sec., use y,,/y, = 1.0 and t,/T = 5.7. From Fig. 6 it is 
found that p,,/r = 0.5, from which p,, = 23.3 psi. This is about 43 per- 
cent of the overpressure causing collapse. Similarly, if y,,/y, is limited 
to 5, with other conditions remaining as in the original problem, p,, is 
found to be about 47 psi, or about 87 percent of the overpressure causing 
collapse. 

To find the duration, t,, at which the slab will remain elastic under 
a pulse having p,, = 54 psi, use y,,/y, = 1 and p,,/r = 1.16. From Fig. 6 
it is found that t,/T = 0.32, giving t; — 0.017 sec., which is about 6 
percent of the t, value at collapse. 


DESIGN DETAILS 

Experience has shown that special attention to avoid deficiencies in 
connections, joints, and other details is even more necessary in blast 
resistant construction than’'in conventional construction, in order to 
develop the full strength of structural elements.'’ The reliability of 
details critical in shear can be improved by providing shear bars to 
carry a large percentage of the total load, which may alleviate the 
brittle characteristics of this type of failure. Generous bar laps are 
desirable, and special anchorage should be used when bond stresses 
become excessive. There is some question regarding the dynamic 
strength of lapped splices, which indicates the desirability of locating 
them at points of low stress, or else substituting welded splices. The 
possibility of stress reversal caused by elastic rebound or negative 
overpressure dictates that a part of the negative steel at supports be 
made continuous. For the same reason, vertical stirrups rather than 
bent bars are preferable for web reinforcement. 


CONCLUDING REMARKS 

The conventional working stress approach will produce structures 
having safety factors against collapse in the various modes of failure 
which are not uniform, being too high in some cases and too low in 
others. The objective of maintaining a consistent amount of reserve 
strength in each failure mode can only be attained by design procedures 
which evaluate ultimate strength and consider the transient nature of 
the loading. The procedures currently used approach this goal, involve 
simple extensions of routine procedures which are easily learned by 
the average designer, and are adaptable to conditions requiring a 
maximum amount of output in a very short time. 
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CURRENT REVIEWS 


of Significant Contributions in Foreign and Domestic Publications 


SLA Translation Center’s 
Role in Engineering Technology 


By DONALD W. RAMSDELL* 


In the last two decades, the startling growth of our technological 
civilization has been apparent on a world wide scale. The emergence 
of the United States and the USSR as the two present-day great powers 
has stimulated competition between them. But recently both countries 
have come to realize that duplication of research is costly both in terms 
of time and money. Russia has become more amenable to allowing the 
results of her research to be disseminated in other countries. However, 
since few engineers and research scientists are familiar with the Russian 
language, most of this work must be translated. 

Though the language barrier is not as insurmountable with German, 
French, Italian, Spanish, etc., and we have always exchanged ideas 
much more freely with these western countries than with Russia, it is 
easily understood that one can work more competently and quickly 
with his own language, rather than a foreign tongue. It was to supply 
this need that the Special Libraries Association’s Translation Center 
was founded in 1953 at The John Crerar Library in Chicago. Until 1959, 
it operated as the only such center in the United States, collecting trans- 
lations published by both private and governmental agencies, foreign 
and domestic. These were indexed in a publication entitled Translation 
Monthly which was available to the public on a subscription basis. 

In January, 1959, the Office of Technical Services of the U. S. Depart- 
ment of Commerce established a new center for translations. The OTS 
now serves as the collection center for governmental agencies, both 
domestic and foreign, while SLA continues to collect nongovernmental 
translations, both domestic and foreign. 

Copies of all the translations received by both agencies are deposited 
at the SLA Translation Center and the Library of Congress, where they 
are available in photoprint or microfilm copies. OTS is responsible for 
the cataloging and abstracting. Card catalogs filed by author, title, sub- 
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ject, serial number, and SLA translation number are maintained by both 
institutions. Prices charged by both are identical. 


These translations are indexed in a semi-monthly publication issued 
by OTS entitled Technical Translations. This has superseded SLA’s 
Translation Monthly which ceased publication in December, 1958. Tech- 
nical Translations lists translations obtained from all sources, both gov- 
ernmental and private; translations available from commercial firms; 
translation work in progress in government agencies; and a list of 
periodicals which are completely translated. It is arranged in broad 
subject categories, giving complete bibliographical information, price, 
where obtainable, and usually a brief abstract. The cost is $12 per year 
for a domestic subscription, and $16 for a foreign subscription. Orders 
for Technical Translations should be sent to the Office of Technical 
Services, U. S. Department of Commerce, Washington 25, D. C. 


The SLA Translation Center collects an average of 5000 translations 
yearly, and now has holdings of approximately 35,000 publications, of 
which 45 percent are Russian and 55 percent are from other languages. 
However, since it is a cooperative undertaking, its growth depends on 
contributions from outside organizations. If it is to fulfill its aim of 
becoming a national repository of hitherto unpublished scientific and 
technological translations, and making them available to requesters, 
it must have the cooperation of all who are engaged in any kind of a 
translation program. 


Since many organizations do not wish to be disclosed as the originator 
of a translation, the SLA Center has agreed to obliterate all identifying 
information before releasing any publication for general use. 


It is hoped that the Center will grow in a geometric progression as 
its aims and resources become more widely known. 


Great West Road over the junction of 
four main roads, by means of a four- 


Bridges 


Flyover built into London road junc- 
tion 


Engineering (London), V. 188, No. 4877, Oct. 
9, 1959 pp. 314-315 


Reviewed by Aron L. Mirsky 

London’s Chiswick Flyover carries 
the Cromwell Road extension (Lon- 
don’s new western approach) to the 


span overpass structure over a 400 ft 
diameter traffic circle, an approach 
bridge, and slip ramps. Superstructure 
is formed of precast prestressed in- 
verted-T units with in-situ deck; but 
abutments and retaining walls are mas- 
sive, of mass concrete faced with 1% 
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million hand-finished brick and cast- 
in-place coping. All substructure ele- 
ments except one pier are founded on 
reinforced concrete rafts. 


Design has been severely criticized, 
especially by the contractor, for lack- 
ing elegance, being structurally old 
fashioned, taking too long to build, and 
being too costly. (Contractor’s state- 
ment is printed verbatim in The Engi- 
neer (London), V. 208, No. 5411, Oct. 9, 
1959, p. 397. Defense has been equally 
spirited: for a statement by the con- 
sulting engineers, see The Engineer, 
Oct. 16, 1959, p. 439, or Engineering, 
Oct. 16, 1959, pp. 335-336. Additional 


comments, pro and con, from various 
sources appear in subsequent issues.) * 


*A similar controversy is also raging around 
the Bell Weir 9 at Staines (The Engi- 
neer, V. 208, 1959 ct. 23, p. 483; Nov. 6 p. 
567; Nov. 13, p. 


Critical survey of bridge design 
O. A. Kerensxy, Engineering (London), V. 188, 
No. 4873, Sept. 11, 1959, pp. 180-184. 
Reviewed by Aron L. Mirsky 
This paper, read before the Engineer- 
ing Section of the British Association 
for the Advancement of Science at 
York in September, 1959, under the 
title “Bridges—a Survey,” covers many 
aspects of bridge design: early bridge 
history, recent developments in type 
and materials, loadings, standardiza- 
tion, and competitive designs. Recom- 
mended reading, for administrators as 
well as engineers. 


Prestressed bridge is redesigned in 
midstream 


Engineering News-Record, V. 


163, No. 24, 
Dec. 10, 1959, pp. 34-36 


The Tugela River highway bridge in 
Natal, South Africa, originally designed 
as a continuous prestressed concrete 
structure over its entire length, was re- 
designed during construction following 
a disastrous and unseasonable flood. 
The result is a combination of two diff- 
erent sections, one as a continuous pre- 
stressed length of about 955 ft, the 
other a continuous prestressed two- 
span structure about 395 ft long. 
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Jean de Lattre de Tassigny Bridge 
and its three level interchange on 
the right bank (Le Pont Jean de 
Lattre de Tassigny et son carrefour 
a trois niveaux rive droite) 
C. Roques, A. TxHresautt, P. Xercavins, A. 
Ductot, M. BLancuet, Annales, Institut Tech- 
nique du Batiment et des Travaux Publics 
(Paris), No. 138, June 1959, pp. 633-655 
Reviewed by HENRI PERRIN 
After a general description of the ar- 
terial facilities in the city of Lyon, a 
summary of the design is presented a- 
long with detailed information about 
the erection and fabrication of the 
bridge. 


Bridge and embankment over Sio 
Sound 
ANKER ENGELUND, sngenieren 


International Edition, V. 3, 
pp. 113-118 


(Copenhagen), 
o. 4, Dec. 1959, 


Reviewed by JEespER STRANDGAARD 
Describes briefly the design and con- 
struction of a prestressed concrete 
bridge, consisting of 20 equal, simply 
supported 27-m spans on _ concrete 
piers. Both the cellular piers and the 
complete box girder spans, less paving, 
were floated in place on pontoons ca- 
pable of carrying up to 300 tons. Only 
bottom reinforcement was prestressed 
(Dywidag System); main bars were 
Tentor steel while secondary reinforce- 
ment was ordinary smooth bars. 


New Melling Bridge, New Zealand 

A. N. Gricc and E. R. Ireranp, New Zealand 

Engineering (Wellington), V. 14, No. 7, July 
15, 1959, pp. 209-221 

HicHway REsEARCH ABSTRACTS 

Jan. 1960 

The bridge, of five 90-ft spans with 
a clear road width of 30 ft, crosses the 
Hutt River which is subject to severe 
“flash-floods.” 

The design adopted called for com- 
posite action between the precast pre- 
stressed main beams and the concrete 
deck. The deck was cast with the main 
beams “propped” at midspan by a con- 
trolled elastic vertical reaction which 
was continuously adjusted during the 
casting of each slab so as to maintain 
a condition of zero bending moment 
over the temporary midspan prop. 
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Design considerations are discussed 
in Part 1, and the method used to de- 
termine cable eccentricity is described. 

Part 2 of the paper describes the 
construction process with particular 
emphasis on changes which were made 
in the “design-stage” plan of opera- 
tions so as to suit the contractor, and 
discusses the advantages and disadvan- 
tages of precasting each beam in a 
series of “blocks”, as was done, instead 
of as a complete unit as was originally 
intended. 


Construction 


Water tower for the town of Upp- 
sala (in Swedish) 
I. Gutistrom, L. Gerpe, B. Banc, and G. 
GRANDELL, Cement och Betong (Malmo), V. 33, 
No. 4, Dec. 1958, pp. 203-216 

Reviewed by Benct F. FRIBERG 

A truncated, cone shaped, high-level 
water reservoir provides a primary 
storage of 1,600,000 gal. and an addi- 
tional storage, at less head, of 1,000,000 
gal. for fire reserve. The reservoir has 
a base diameter of 47 ft, a top diameter 
of 123 ft, and height of 95 ft, with a 
central 18.5-ft circular shaft for the 
stairs and elevator, which go to the 
sight-seeing floor at the top. They are 
supported by precast and prestressed 
beams which in turn are freely sup- 
ported from the central shaft to the 
outside ring. The plan view is a 20- 
sided polygon both inside and out with 
varying wall thickness, prestressed 
circumferentially with 66-, 113-, and 
200-kip post-tensioning cables over- 
lapping Moth of the circle at diametri- 
cally opposed points. 

The central shaft was built first using 
sliding forms, and supported a con- 
struction crane. The dimensions of the 
outside wall were held to close toler- 
ance by six, 20-sided steel rings, sup- 
ported by 20 sloping steel supports, and 
with radial prestressed ties to the 
central shaft which braced the forms 
in addition to the conventional scaffold- 
ing. Inside, wood forms were installed 
as concrete placing proceeded contin- 
uously around the wall in 5-in. lifts, 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


May 1960 
1140 cu yd being placed and vibrated 
in 216 hr. Maximum form deviation 
from exact position was less than 0.10 
in. The circumferential cables were 
prestressed in steps, 30 percent pre- 
stress was applied at 10 days and full 
prestress before 90 days. 


Development in overhead electrifi- 
cation of railways as it affects the 
civil engineer 


Rate E. Sapier, Proceedings, Institution of 


Civil Engineers (London), , (Session 
1958-59), Feb. 1959, pp. 125-156; discussion, 
Aug. 1959, pp. 631-651 
Reviewed by Aron L. Mirsky 
Discusses a few of the matters which 
have arisen in conjunction with the re- 
cent surge of railroad electrification in 
England: design of partially prestress- 
ed concrete bridge decks, demolition 
and modification of masonry arches 
[via stripping them of the lower arch 
rings, or reconstructing the central 
(crown) section], etc. French practices 
in this connection, which served as 
guide for the British work, are also 
noted. 


Current concrete construction activ- 
ity in a Swedish town (in Swedish) 
C. A. Locxert, Cement och Betong (Malmo), 
V. 34, No. 2, June 1959, pp. 137-144 
Reviewed by Benct F. FRiserc 

Describes the active concrete build- 
ing construction under way in Sweden 
in an industrial town with a population 
of approximately 80,000 (Vasteras). 

An 1l-story apartment house with 
132 apartments employs precast wall 
panels of room-wall size (including 
openings, even windows), precast col- 
umns, stairs, complete bathrooms, bal- 
cony floors, and solid railings. The 
lower portions of the floor slabs are 
precast, with negative reinforcement, 
while the top portions are placed in 
the field. Temporary walls covered 
with tarpaulin protects the construc- 
tion during erection and are moved up 
a story at a time. The building ele- 
vators are used for construction pur- 
poses; the machinery is placed in the 
basement with the cable sheaves being 
advanced with the construction. 
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A 1650 ft long four-story apartment 
house is going up with floors and walls 
being cast in large wall size steel 
forms; corner and door frames are set 
in before concreting. 

A new town hall with an 18-story 
carillon tower employs a_ concrete 
frame with some precast elements. 
More than 100 basementless, one-family 
houses on concrete pedestals used pre- 
cast perimeter beams, the rest of the 
construction being wood. 

A ten-story office building with 
350,000 sq ft of floor area, for the 
town’s largest industry was designed on 
a 40-in. module, with 3- and 6-module 
column spacing. Columns, floor joists, 
facing panel supporting studs, and sill 
beams are precast to tolerances exact 
enough to fit window frames and metal 
wall panels. 


Low-cost fallout shelter 
Concrete Construction, V. 5, No. 2, Feb. 1960, 
pp. 32-33 

A low-cost reinforced concrete fall- 
out shelter has been incorporated as 
integral elements in 40 new homes 
under construction in a suburb of 
Denver. Cast as a part of the founda- 
tion structure, the 12-in. concrete ceil- 
ing of the shelter forms about one-half 
of the garage floor. The _ shelter’s 
vertical walls are 8 in. thick and rein- 
forced; three sides of the shelter are 
surrounded by earth, since it is below 
grade level; the other wall faces the 
remainder of the basement. 


First mechanized post office has un- 
usual barrel-shell roof 


Engineering News-Record, V. 164, No. 2, Jan. 
14, 1960, pp. 30-32, 34 

Roof was selected to provide large 
expanses of unobstructed floor space 
for electronically controlled mail-flow 
system. It also eliminates exterior 
buttresses of conventional arches which 
would have interfered with outside 
truck traffic. Roofing a 420 x 300-ft 
area, the intersecting barrels are sep- 
arated by 2-in. expansion joints. Only 
two groups of interior columns are 
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required. Both exterior and interior 
columns are designed as fixed-base 
cantilevers, hinged at the top and free 
to deflect laterally. The 6-in. shells 
require about 800 cu yd of concrete 
in each unit. Tensioned horizontal tie 
beams balance the thrusts of the edge 
beams. 

Concrete specifications required 
high-early strength of 4000 psi at 7 
days, a density of 110 lb per cu ft, and 
a 2-in. slump. The aggregate used was 
sand and expanded shale. The only 
admixture used was an air-entraining 
agent. 


Construction of the Exhibition Pal- 
ace of the Centre National des In- 
dustries et Techniques (La con- 
struction du Palais des Expositions 
du Centre National des Industries 
et Techniques au rond-point de la 
Detense) 

Annales, Institut Technique du Batiment et 


des Travaux Publics (Paris), No. 137, May 
1959, pp. 475-519 


Conception and erection of the vaulted shell 
(Conception et execution de la voute-coque) 
N. Es@uILLAN 

Realizations, design, and tests (Realisations, 
calculs, et essais) 


G. Lacompe, P. Fagsset, and R. PErzo 
Reviewed by HENRI PERRIN 


The now well known exhibition cen- 
ter in Paris is described by its design- 
ers. The novelty resides in the report of 
tests conducted on small concrete 
shells and slabs to check their buckling 
strength. [See also Current Reviews, 
ACI JourRNAL, V. 31, No. 1, July 1959 
(Proceedings V. 56), pp. 72-73.] 


Oil tank of concrete in northern 
Sweden (in Swedish) 


G. Ensxoc, Cement och Betong (Malmo), V. 
33, No. 3, Sept. 1958, pp. 131-137 
Reviewed by Benct F. FRIBERG 
Describes the construction of a cir- 
cular, post-tensioned fuel oil tank hav- 
ing a 100 ft diameter, 46.5 ft height, 
and a capacity of 2,650,000 gal. A 
dome-shaped roof of steel served as 
the working platform and for bracing 
of the slip forms of the 9.9-in. walls. 
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It also permitted heating of the interior 
during construction. The walls were 
post-tensioned vertically with 1.03-in. 
alloy rods, 37.5 in. center to center, and 
horizontally in two layers, with 0.198- 
in. wire applied with a Swiss automatic 
wrapping machine. The inside was 
given several coats of epoxy-resin paint 
and reinforced with glass fiber. The 
floor has circular, edge cable prestress- 
ing, and extends beyond the walls; it 
was placed on a 32-in. sand cushion. 


Construction Techniques 


Pacesetting plant stresses automa- 
tion, HMS 
RatpH S. Torcerson, Rock Products, V. 63, No. 
2, Feb. 1960, pp. 98-103 

This sand and gravel installation has 
a capacity of 600 tons per hr to the 
surge pile and about 400 tons per hr 
through screening, washing, and crush- 
ing operations. Two outstanding fea- 
tures are extensive use of electronic 
controls and heavy-media flotation 
ssystem to upgrade aggregates. 


Pneumatically applied concrete in 
tunnel construction (in Serbian-Cro- 
atian) 
S. Hapzovic, Nase Gradevinarstvo (Belgrade), 
V. 13, No. 5, May 1959, pp. 108-112 
Reviewed by J. J. PoLtvKa 
Gives general properties of shotcrete 
and good practices in mixing and 
placing. Describes equipment used in 
Yugoslav tunnel construction, with 
references to experiences in other 
countries, especially in United States 
and France. Speed of construction and 
its economy is emphasized. 


Prefab forms permit fast pours 
MrKke Spronck, Construction Equipment, V. 21, 
No. 2, Feb. 1960, pp. 35-38 

There is hardly a spot in its near- 
mile length where two dimensions are 
the same in this expressway retaining 
wall. The wall contains three principal 
cross sections and ranges in height 
from 4 to 32 ft, most over 25 ft. The 
wall tapers from top to bottom and, in 
some areas, along its length too. Foot- 
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ings remain horizonal, so the sections 
stair-step down the slight grade. 

To speed placement of reinforce- 
ment, the contractor built racks which 
spanned the wall base to serve as 
spacing and tying jigs. Prefabricated 
steel forms were used throughout. 

The design called for a 6-in. rubber 
waterstop joint between placements. 
The joints are open to a point 4 in. 
back of the face. In forming the joint, 
4 x 4-in. Styrofoam strips were used 
instead of the conventional wood strips. 


Dams 


Control of cracking in concrete grav- 
ity dams 
WILLIAM R. WaucH and James A. Ruopes, Pro- 
ceedings, ASCE, V. 85, PO 5, Oct. 1959, pp. 1-20 
AvuTHoRS’ SUMMARY 
The fundamental cause of tempera- 
ture cracking in concrete gravity dams 
is the restraint which accompanies 
temperature changes. Paper traces evo- 
lution of crack control measures (ce- 
ment factor, cement replacement mate- 
rial, concrete placing temperature, lift 
thickness, rate of placement, and 
insulation), and describes current 
Corps of Engineers practices and 
results. 


Hydroelectric harnessing of the Pos- 
terior Rhine (L’amenagement hydro- 
electrique du Rhin Posterieur) 
Oskar Spéret, Le Génie Civil (Paris), V. 136, 
No. 7, Apr. 1, 1959, pp. 149-158 
Reviewed by Aron L. Mirsky 
The Rhine River is formed in east 
Switzerland by the union of two small 
headstreams, the Hinter Rhein (Rhin 
Postérieur) and the Vorder Rhein. 
Project, on Swiss-Italian border but 
mainly in the Swiss canton of Grisons, 
required considerable persuasion and 
negotiation, and was finally started in 
1956. It includes four main elements, 
the Val de Lei storage reservoir and 
three conduits. Article covers briefly 
the history and financing of the project, 
the geologic and hydrologic character- 
istics, and the various structures, with 
particular emphasis on the construction 
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of the Val de Lei dam, a doubly-curved 
arch structure with a maximum height 
of 138 m, maximum thickness of 28 m, 
and crest length of 635 m, and requir- 
ing a total of 840,000 cu m of concrete. 
Design was by the trial-load method, 
using an electronic computer, and was 
checked using a 1:66 model. * 


*More details will be found in a series of 
articles in Schweizerische Bauzeitung 
(Ziirich), V. 77, 1959: No. 26, June 25, pp. 
405-409 (L. Kalt and Niklaus Schnitter): No. 
30, July 23, pp. 479-484 (Klaus Wenzel): No. 
34, Aug. 20, pp. 543-546 (R. Harri): and No 
41, Oct. 8, pp. 675-679 (Niklaus Schnitter). 


Design 


New composite-beam concepts 
FRANK D. Sterner, Civil Engineering, V. 30, 
No. 2, 1960, pp. 72-74 

Briefly reviews graphical methods 
for solving some of the problems in 
composite beam construction. It also 
discusses advantages of this type of 
construction and describes steel-plate 
armoured concrete structures and pre- 
stressed composite beams. It describes 
some of the advantages which can be 
gained by utilizing the materials which 
are often available, or actually present, 
in the construction. 


Reinforced concrete ultimate 
strength design: Actual aspect of 
the question (Le calcul du beton 
arme a la rupture: Etat actuel de la 
question) 
R. CHAMBAUD, Annales, Institut Technique du 
Batiment et des Travaux Publics (Paris), No. 
135-136, Mar.-Apr. 1959, pp. 307-351 
Reviewed by HENRI PERRIN 

Since the author’s paper on rupture 
by bending and shear [Current Re- 
views, ACI JourRNAL, No. 3, V. 30, Sept. 
1958 (Proceedings V. 55), p. 406], nu- 
merous tests have been conducted and 
the most important of them are now 
reported: mechanical properties for 
cold worked steel and ultimate flex- 
ural, compressive, and shear strengths 
for concrete. 

A discussion of every element in- 
volved in the determination of the 
safety factors closes the technical re- 
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port. In conclusion, the author reviews 
the studies done in France and abroad 
as well as the controversies going on 
about ultimate strength design. 


Simplified design of reinforced con- 
crete members under eccentric loads 
(in Slovenian) 
S. Turk, Gradbeni Vestnik (Ljubljana), V. 10, 
No. 61-64, 1958-1959, pp. 33-40 
Reviewed by J. J. PoLtivKa 

Another article on author’s simplified 
design method for concrete members 
with double reinforcement and subject 
to eccentric loads resulting in combined 
compressive and bending stresses. Con- 
sideration of buckling is treated in a 
new way. Nonrectangular and other 
types of irregular sections are also 
considered. 


Influence line ordinates at the 10th 

points of continuous beams (Zehn- 

teilige Einflusslinien fuer durchlauf- 

ende Traeger, Band 1) 

Grorc ANGER, Verlag von Wilhelm Ernst und 

Sohn, Berlin, V. 1, 1958, 272 pp., 41 DM 
Reviewed by Fritz KRAMRISCH 

V. 1 is the last of the three-volume 
set to appear on the market. V. 3, 
which was prepared primarily for 
the use of structural engineers, was 
reviewed in Current Reviews, ACI 
JOURNAL, V. 28, No. 6, Dec. 1956 (Pro- 
ceedings V. 53), p. 614, and V. 2, which 
was prepared for the bridge designers, 
was reviewed in ACI JourNaL, V. 31, 
No. 1, July 1959 (Proceedings V. 56), 
p. 77. 

V. 1 furnishes the basic load values 
for all kinds of loading conditions. 
Also given are formulas for the cal- 
culation of moments and shears for 
continuous beams up to six bays, hav- 
ing any ratio of spans and type of 
end conditions. Many fully worked out 
examples are included in the text. 

Because of its basic character it is 
quite important to use the book with 
the other two volumes. It contains a 
wealth of informaiion, readily worked 
out formulas for practically any possi- 
ble combination of loading arrange- 
ments, different span ratios and all 
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types of end conditions. But due to 
this versatility, and the intention to 
cover “everything,” it is rather in- 
volved and not too easily handled by 
somebody who does not know enough 
German to follow the explanations and 
directions of the text. 


Materials 


Radioactive rays control clinker 
depth 
D. H. Gresxrenc, Rock Products, 
Feb. 1960, pp. 150, 154-158, 166, 170 
The gamma-ray gage, bed-depth 
control marks a significant advance in 
the automation of shaking-type clinker 
coolers in cement plants. Purpose of the 
gage is twofold: to guard the cooler 
against sudden overloading and to 
maintain operation near maximum sta- 
ble bed depth. Temperature stability, 
clinker size, temperature measurement, 
and control apparatus are discussed. 


V. 63, No. 2, 


The coming role of pozzolans. Part 
1V—Product potential through proc- 
ess design 


Wotr G. Bauer, Pit and Quarry, V. 52, No. 7, 
Jan. 1960, pp. 181-182, 184 


Basic and applied phases of pozzolan 
development are discussed. A basic 
processing study takes into account 
such factors as upgrading, heat activity, 
reactive surface development, particle 
sizing and gradation, and possible use 
of certain compatible accelerators or 
catalysts. Results of such research serve 
as guideposts to process design with 
pilot equipment. [See also Current Re- 
views, ACI JouRNAL, V. 31, No. 10, Apr. 
1960 (Proceedings V. 56), p. 1084.] 


Epoxy-based masonry materials for 
construction, repair, and mainte- 
nance 
Puitre Mastow, The Construction Specifier, 
V. 12, No. 5, Feb. 1960, pp. 24-30 

Discusses the development of syn- 
thetic resins in general and epoxy 
resins in particular. It describes the 
various tests performed on samples and 
lists the physical properties. Since 
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epoxy compounds are commonly 
on floors, this use under 
ditions is described 
resistance to particular chemicals is 
classified. The use for highway sur- 
facings and in repair and restoration 
of concrete or masonry structures is 
discussed with the advantageous qual- 
ities enumerated. 


Pavements 


a a 
Concrete roads (Chaussees en beton 
de ciment) 
Circulaire No. 2, Ministere des Travaux Pub- 
lics, des Transports et du Tourisme, Paris, 
1958, 110 pp., 420 Fr 
Roap ABSTRACTS 
Nov. 1959 
Instructions are given regarding ma- 
terials and construction methods which 
may be used for concrete surfacings 
on roads and runways in France and 
conditions to be observed by the con- 
tractor. 


Prestressed concrete surfacings (in 
German) 
G. Srrett, Baumaschinen und Bautechnik, V. 
6, No. 5, 1959, pp. 161-166 
Roap ABSTRACTS 
Nov. 1959 
This review discusses the following 
topics: purpose and advantages of pre- 
stressing surfacings, special character- 
istics of prestressed concrete surfac- 
ings, prestressing methods, prestressing 
forces, prestressing elements, slab 
thickness, slab length, joints, friction 
between surfacing and subgrade. 


Prestressed Concrete 


A theory to predict the neutral sur- 
face position in rectangular pre- 
stressed concrete beams as cracking 
develops 
H. J. Brettte, Proceedings, Second National 
Prestressed Concrete Conference, Wellington, 
New Zealand, 1958, pp. 59-65 
AvutHor’s SUMMARY 
A theory for predicting the neutral 
surface position in rectangular pre- 
stressed concrete beams is proposed. 


The theory is mainly concerned with 
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conditions after cracking has com- 
menced. The theoretical relation be- 
tween applied bending moment and 
neutral surface position is substantiated 
by the observed results from 26 beams 
of dimensions 4 in. x 6 in. x 10 ft. The 
beam factors were varied over a large 
range, well beyond that expected in 
practice. 


Strength of prestressed concrete 
continuous beams and simple plane 
frames 
P. B. Morice and H. E. Lewis, Proceedings 
of a Symposium on the Strength of Concrete 
Structures, Cement and Concrete Association 
(London), 1958, pp. 377-400 

AvuTHORS’ SUMMARY 

The paper provides an analysis of 
prestressed concrete continuous beams 
and simple plane frames in their ulti- 
mate load condition. The invariance of 
elastic design stresses under linear ten- 
don transformations is briefly shown 
and it is demonstrated that the same is 
theoretically true for the ultimate load 
condition. 

Tests on a number of beams and 
frames are described and the results 
are given, showing that the theoretical 
propositions apply to the structures 
tested. 

A comparison is drawn between these 
tests and those of Macchi. Significant 
differences between the tests lead to 
some suggestions for further research 
in this field. 


Strength of statically indeterminate 
prestressed concrete structures 

Y. Guyon, 
the Strength of Concrete Structures, Cement 


and Concrete Association (London), 1958, pp. 
305-376 


Proceedings of a Symposium on 


AvuTHOR’s SUMMARY 
Calculations of the failing loads of 
statically indeterminate prestressed 
concrete structures are based on the 
consideration of plastic hinges, at 
which the moments are assumed to be 
known and equal to the resisting mom- 
ents of these sections. 
In a system with n redundancies, n 
plastic hinges are possible, and these 
make the system determinate for any 
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load exceeding that at which the nth 
hinge appears. At a certain value of 
this load, an ( n + 1)th hinge occurs 
and failure ensues; hence the safety 
factor. 

Two general methods may be used to 
determine the ultimate load: one is 
based on the use of the bending mom- 
ent diagrams and the enveloping curves 
(which are the diagrams of resisting 
moments); the other is based on the 
lines of thrust in the structure, and 
their limit lines (which are the loci of 
the extreme possible positions of the 
lines of thrust). 


Full moment redistribution implies 
n + 1 points of contact between the 
bending moment diagram and the en- 
velope (first method) or between the 
line of thrust and the limit line (second 
method). 

Examples of calculations are given in 
the paper, and a comparison is made 
between experiment and theory. For 
this comparison, it is necessary to cal- 
culate the resisting moments. A chart 
is given which facilitates the evaluation 
of the resisting moments under the 
conditions considered, these being ap- 
preciably different from those in stati- 
cally determinate structures. 

An attempt has been made to check 
the possibility of full redistribution, 
based on an extrapolation into the plas- 
tic phase of the relations between the 
curvatures along the beam. This meth- 
od, which will need to be revised when 
more experimental data are available, 
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has been applied to some of the data 
in the paper. 

It is concluded that elastic calcula- 
tions are still necessary, and in cases 
where, under normal load, tensile 
stresses would exceed certain limits, 
extra untensioned steel should be pro- 
vided. The amount should be determin- 
ed by the usual rules applied to rein- 
forced concrete, the cables being a part 
of the reinforcement, provided the 
bond is effective. 


Construction of a precast pre- 
stressed concrete factory in North- 
ern Ireland 
Cc. F. Canpy, Proceedings, Second National 
Prestressed Concrete Conference, Wellington, 
New Zealand, 1958, pp. 84-93 : 
AUTHOR’s SUMMARY 
This paper confines attention to the 
construction of the prestressed mem- 
bers of this factory—40 box girders of 
102 ft clear span and eight portals of 66 
ft clear span—and gives a general de- 
scription of the design of the members, 
the prestressing technique used, the 
problems encountered, and how these 
problems were overcome. It concludes 
with some general remarks on site or- 
ganization. 


Strength of prestressed concrete 
members 


C. P. Sress, Proceedings of a Symposium on 
the Strength of Concrete Structures, Cement 
and Concrete Association (London), 1958, pp. 
123-157 

AUTHOR’s SUMMARY 


Reviews the available knowledge 
regarding ultimate strength of pre- 
stressed concrete beams. Failures in 
both flexure and shear are considered 
but by far the greater amount of space 
is devoted to the former because of the 
greater detail in which this problem 
has been studied. Emphasis has been 
placed on the variables which effect 
the strength and mode of failure of 
beams. 

The problem of determining ultimate 
strength has been approached in terms 
of the ultimate moment-carrying ca- 
pacity, which has been related, for a 
given beam, to the steel stress at fail- 
ure. This stress is in turn a function of 
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the steel strain at failure and the 
stress-strain characteristics of the rein- 
forcement. The problem is then re- 
duced to one of determining the strain 
at failure as a function of the prestress 
and the properties of the cross section. 
For convenience in picturing the effects 
of various factors on ultimate strength, 
the steel strain at failure has been di- 
vided into two parts: the strain due to 
prestress and the additional strain pro- 
duced by load. Simple examples are 
presented to illustrate the utility of this 
approach in visualizing the relative ef- 
fects of the several variables consid- 
ered. 


Properties of Concrete 


Air permeability of concrete (in 
Japanese) 
Toyorustmarvu Yosum, Hiroakt Morr, and 
Mamoru Kanpa, Semento Gijutsu Nenpo, V. 
12, 1958, pp. 339-343 
CERAMIC ABSTRACTS 
Feb. 1960 
The air permeability of concrete is 
decreased by mixing a proper amount 
of pozzolan or blast furnace slag with 
the cement or by adding air-entraining 
agents. No consistent relations were 
found between air and water permea- 
bility. 


Concrete and fire (Betong och brand) 


Svenska Stockholm, 1959, 


112 pp. 


Tariff6reningen, 
AUTHOR’s SUMMARY 
In 1956 a fire damaged a building in 
Gothenburg, Sweden, built with walls 
and roof of lightweight concrete, bear- 
ing construction of reinforced concrete, 
and roof beams of prestressed concrete. 
The experience led to Swedish insur- 
ance companies, the Swedish Tariff 
Union, and producers of concrete prod- 
ucts conducting an extensive investiga- 
tion and tests of prestressed concrete 
beams and lightweight concrete slabs 
to determine the strength and proper- 
ties of such building elements under 
fire exposure. 
On reporting the test results, it 
proved advisable to extend the work 
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to a handbook of properties and gen- 
eral information concerning concrete 
and concrete structures with special 
reference to fire exposure. An intro- 
duction describes elementary theory of 
concrete design and construction. Dif- 
ferent chapters are devoted to the 
mechanical, physical, and chemical 
effect of fire on reinforced concrete in 
general and on prestressed concrete 
and lightweight concrete specifically. 
It is shown how damage to buildings 
can be estimated and how to judge 
what repair measures may be neces- 
sary. Repairs to structures damaged in 
fires are described. 


Mortar and concrete containing sur- 
face-active agents (in japanese) 
TaKao Sopa, NAoxkicut TapA, ATSUSHI MAEKAWA 
and Isamu Ecucui, Semento Gijutsu Nenpo, 
V. 12, 1958, pp. 283-291 
CERAMIC ABSTRACTS 
Feb. 1960 
To determine the effect of surface- 
active agents on the properties of 
mortar and concrete, tests were made 
on fresh and hardened specimens. The 
relation of particle size distribution of 
fine aggregate, type of agent, entrained 
air content, and number and size of 
air voids in hardened mortar and con- 
crete determined by the microscopic 
method are shown. 


Freezing and thawing resistance of 
air-entrained concrete made with 
portland blast furnace slag cement 
(in Japanese) 

CHOKUI Onara, and 


Sarto, Isao 


TosuItsucu 
Iwasucut, Semento Gijutsu Nenpo, V. 12, 
1958, pp. 266-272 


CERAMIC ABSTRACTS 
Feb. 1960 


Twelve portland blast furnace slag 
cements containing 30, 40, and 50 per- 
cent slag were prepared from four 
portland cements and one slag. Tests 
were made on concretes cured in water 
at 20C for 14 and 91 days, an air- 
entraining agent being used. The en- 
trained air content of these concretes 
was about half that of concrete made 
with portland cement, and it decreased 
with increasing specific surface of the 
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cements. Freezing and thawing resist- 
ance of the concretes decreased slightly 
with increasing slag content, but speci- 
mens made with cement containing 
clinker high in 3CaQO-SiO. and cured 
in water for a long period before the 
test showed superior durability. 


Observations on methods of con- 
crete vibration (Observations sur les 
methodes de vibration des betons) 
P. Resut, Revue des Materiaux (Paris), No 
525, June 1959, pp. 151-158 
Reviewed by Puiu L. MELVILLE 

Conflicting results have been ob- 
tained with vibratory equipment. Per- 
formance is affected by rheology, 
amount of water, mixing, use of fines, 
floculation, thexotropy. A study of the 
rheology of vibrated concrete is rec- 
ommended to select admixtures. 


Influence of pozzolanic fly ashes on 
the permanency of portland cement 
concrete (Influence sur la perennite 
des betons de portland de I’emploi 
des cendres volantes pouzzolan- 
iques) 


J. CHAPPELLE, Revue des Materiaux 
No. 521, Feb. 1959, pp. 39-44 
Reviewed by Puriire L. MELVILLE 


(Paris), 


A series of tests on the durability 
of concrete with from 0 to 40 percent 
fly ash replacement through cycles of 
freezing and thawing. It was found that 
durability was improved especially by 
the use of ground fly ash. 


Physical properties of structural 
quality lightweight aggregate con- 
crete 


T. R. Jones, Jr., T. J. Hirscu, and H. K 
STerpHEeNson, Report E 52-59, Texas Transpor- 
tation Institute, Aug. 1959, 46 pp. 


This is the final report of a compre- 
hensive study of structural quality 
lightweight aggregate and lightweight 
aggregate concrete using aggregates 
produced in Texas. 

The body of this report presents 
figures, tables, and discussions which 
represent the conclusions based on the 
comprehensive study involving 28 
batches of concrete with a _ large 
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number of creep, shrinkage, and com- 
pressive strength specimens. 

The scope of this paper is focused, 
to some extent, on the creep and 
shrinkage characteristics since other 
properties can be obtained from specific 
mix designs. The report summarizes 
the properties of lightweight concrete 
made with the expanded clay and 
shale aggregates produced in Texas. 
It also recommend the qualities and 
quantities of concrete constituents and 
required properties of the final prod- 
uct to be specified. 


Stressed condition of sections of 
ferroconcrete components, emerging 
as the result of the shrinkage of the 
concrete (in Russian) 

I. I. Utrrsxku, Novoe v Stroit. Tekhn., No. 11, 
1957, pp. 77-99; Referativnyi Zhurnal Mekhan- 
ika (Moscow), No. 5, 1958, Rev. 6021 


AppPLIeD MECHANICS REVIEWS 
Dec. 1959 


A study is made of the creep of the 
concrete, the increase of the modulus 
of elastic deformation, and also of the 
duration of the shrinkage. The charac- 
teristic of the creep of concrete ¢: is 
recorded (according to Kelvin) in the 
form of ¢ = a [1 — exp(—bt)]. For 
modulus E; and shrinkage a; the fol- 
lowing formulas are proposed 
drt 
a 
where E is the initial modulus, a the 
limiting relative strinkage, t the time, 
a, b, and 8 constants. Equations of equi- 
librium are derived for a section of a 
ferroconcrete beam with one axis of 
symmetry and double unsymmetrical 
reinforcement. Arising from the equa- 
tions of joint action of the deformation 
of the concrete and reinforcement an 
integral equation was obtained and a 
solution given in the form 


E; = E(1 + 8¢:), 


a: = @ 


os ae — exp(—8¢:)] 
where o is the stress on the concrete 
at the center of gravity of the rein- 
forcement and € is a value depending 
on the degree of reinforcement. 
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Air permeability of concrete (in 
Japanese) 
KozaBuRO WATANABE, SHIZUMARO NAKAMURA, 
and SxHozo Suzuxawa, Semento Gijutsu Nenpo, 
V. 12, 1958, pp. 343-347 
CERAMIC ABSTRACTS 
Feb. 1960 
Fly ash was substituted for part of 
the cement of concrete mixes contain- 
ing 270 to 350 kg of total cementing 
material per cu m, and the effect on 
the air permeability and neutralization 
was tested up to the age of 1 year. 
The degree of neutralization increases 
with decreasing proportions of total 
cementing material, i.e., with increas- 
ing air permeability. The use of fly ash 
has essentially no effect on the degree 
of neutralization. 


Concrete curing with steam at at- 
mospheric pressure (Le traitement 
thermique des betons sour vapeur 
a la pression atmospherique) 
H. Mancue, Revue des Materiaux (Paris), No. 
523, Apr. 1959, pp. 97-105 
Reviewed by Puriir L. MELVILLE 
Sundry effects of high temperature 
curing are reviewed and a test program 
outlined. As a first phase, concrete 
cubes were cured under water at 11C 
for 6 days or steam cured at 60 and 
80C. It was found that lower final 
strengths resulted from steam curing. 


Creep and physical and mechanical 
characteristics of concrete (in 
French) 


R. Dutron, Bulletin No. 1, International As- 


sociation of Testing and Research Labora- 

tories for Materials and Structures (RILEM), 
Paris, 1959, pp. 52-54 

BATTELLE TECHNICAL REVIEW 

Feb. 1960 


Tests were carried out on two types 
of concrete, one having a_ higher 
shrinkage and a lower modulus of elas- 
ticity than the other. These concretes 
were cured in two atmospheres: water 
and air at 50 percent humidity. At the 
moment of loading, one-half of the 
test pieces were kept in their original 
curing medium, the other half being 
placed in opposite conditions (test 
pieces in the water transferred to air, 
and vice versa). 
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Influence of mixing and exposure 
at 40C on the workability and 
strength of concrete (Influence du 
gachage et de I’exposition a 40 C 
sur la fluidite et le resistance du 
beton) 
L. Bionpiau, Revue des’ Materiaux (Paris), 
No. 525, June 1959, pp. 137-145; No. 526-527, 
July-Aug. 1959, pp. 180-187 
Reviewed by Pati L. MELVILLE 
Concrete mixes with different water- 
cement ratios were exposed for 30, 40, 
50, and 60 min to 20, 40, and 45C at 90, 
23, and 70 percent relative humidity, 
respectively. Workability was measured 
by the Slanville method. It was found 
that slag cements lose less workability 
when exposed to high temperature and 
low humidity. 


Reference frame for the study of 
fresh concrete (Cadre systemsiqua 
pour l’etude des betons frais) 
I. Levant, Revue des Materiaux (Paris), No. 
522, Mar. 1959, pp. 63-71 
Reviewed by Puiu L. MELVILLE 

A graphical means of determining 
the properties for a given concrete mix 
using given aggregates. The method is 
used to study aggregate gradations. 


Control of concrete strength by the 
ultrasonic method (in Russian) 


O. E. Priraumer, Avtom. Dorogi (Moscow), 
V. 22, No. 1, 1959, pp. 11-12. Road Abstracts, 
V. 26, No. 5, May 1959, p. 106 
HicHWAY RESEARCH ABSTRACTS 
Jan. 1960 
The ultrasonic control method was 
used during the construction of a re- 
inforced concrete bridge across the 
Moscow River. To check the variables 
involved in concrete manufacture 
which affect the accuracy of ultrasonic 
readings, control test cubes were pre- 
pared at the factory from the same 
material under identical conditions and 
subjected to ultrasonic and compres- 
sion tests. A comparison of the results 
obtained showed that concrete of dif- 
ferent strengths can sometimes give the 
same ultrasonic reading. Concrete 
strength was determined from the av- 
erage of nine readings of each of the 
precast sections tested in place. Further 
control tests were made on cubes taken 
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from the completed bridge components. 
Examples are given of the type of in- 
formation obtained and of the cali- 
brated curves which relate ultrasonic 
data to those obtained in compression 
tests. The IKL-5 ultrasonic instrument 
was found to be suitable for dimensions 
of 4% to 6% ft and to have an accuracy 
of 0.5 us. The results of the ultrasonic 
and compression tests did not differ by 
more than 6 to 10 percent. 


Concrete with slag aggregate (in 
French) 


Laitiers & Tarmacadam, V. 
pp. 51-60 


12, No. 11, 1958, 


Roap ABSTRACTS 

Dec. 1959 

Results are given of research on con- 

crete containing blast-furnace slag. 

Tests were made of the compressive 

and flexural strength, capillarity, 

shrinkage and swelling, resistance to 

freezing, and modulus of deformation 
of the concrete. 


Deformation and cracking of hard- 
ened cement paste when shrinkage 
is restrained 
F. A. Biaxey and R. K. Lewss, Civil Engineer- 
ing and Public Works Review (London), V. 
54: No. 635, May, 1959 pp. 577-579; No. 636, 
June, 1959, pp. 759-762 

Describes the work done to obtain 
information on the extent to which 
tensile stresses are set up in the con- 
crete paste in relation to shrinkage 
caused by drying. The elastic properties 
of aggregate were not part of the study. 
Specimens 1 x 1 in. were cast around 
metal rods or tubes. As shrinkage pro- 
gressed the central rod or tube was 
compressed and a continuously increas- 
ing strain was recorded. When the 
cement paste cracked there was a sharp 
change in the strain reading and it was 
possible to read from the recording 
chart to within 3 min the time in which 
the change in strain and therefore the 
crack occurred. Because there 
no temperature compensating gage the 
strain gage record was not used for 
strain readings but the actual contrac- 
tion of the steel outer tube was meas- 


was 
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ured in the dial gage comparator used 
for the free shrinkage measurements. 

In another set of specimens the cur- 
rent through a strip of silver conduc- 
tive paint on the side of each restrained 
bar was recorded. The circuit was 
broken when the cement paste cracked, 
and the time at which this occurred 
was read from the recording chart 
within 4 min. 

This study of the cracking of cement 
paste in which shrinkage is restrained 
showed that the elastic strain at fail- 
ure is not constant as appeared to be 
so for mortars over a limited period of 
time. The authors develop an equation 
for the utimate elastic strain in the 
specimen which holds for conditions 
during the first 200 hr. After this time 
the authors observed a fairly sharp 
drop in the utimate elastic strain, but 
insufficient data were collected to de- 
fine the behavior or explain it. 


Structural Research 


Reinforced and unreinforced con- 
crete walls (in Swedish) 
L. E. Larsson, Cement och Betong (Malmo), 
V. 33, No. 2, June 1958, pp. 59-68 

Reviewed by Benct F. FRIBERG 

Centrally applied vertical load tests 
and loads at the third-points of the 
thickness were made on 70 wall ele- 
ments, 100 in. high, 3.2 to 5.9 in. thick, 
unreinforced, and reinforced with 0.4 
percent vertical and horizontal steel 
(one-half near each surface, which is 
the least percentage for dimensioning 
as reinforced wall in Sweden). Con- 
crete strength varied from 3400 to 4800 
psi cube strength with duplicate rein- 
forced and unreinforced elements cast 
from one batch. Steel yield point was 
63,000 psi. 

The reinforced walls consistently 
failed at lower loads than correspond- 
ing unreinforced walls. The strength 
decrease for the centrally loaded walls 
was from 2.7 to 22.7 percent, the av- 
erage being 10.0 percent, and for the 
eccentrically loaded walls it was from 
3.0 to 25.6 percent, the average being 
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13.8 percent. The investigation puts the 
need for vertical reinforcement in walls 
not subjected to flexure in doubt. Hori- 
zontal reinforcement, intended to tie 
vertical shrinkage cracks, has not been 
questioned. 


Folded plate construction: An in- 
vestigation of collapse conditions 


A. R. Dykes, The Structural Engineer (Lon- 
don), V. 38, No. 2, Feb. 1960, pp. 60-67 

Describes an investigation into the 
collapse conditions of small roof struc- 
tures in reinforced concrete. 

A brief outline of the experimental 
work is given with pictures of the 
various test setups. The results of this 
investigation show that although the 
range is restricted, the measure of 
agreement between theory and experi- 
ment is remarkable for tests which 
were intended to be mainly exploratory 
in nature, no high degree of control 
being exercised. The theoretical ap- 
proach is in a simplified form, no ac- 
count being taken of secondary effects. 

The fracture line theory gives a sim- 
ple means of predicting collapse form 
and ultimate load. Use of an “approxi- 
mate” method for deflection calcula- 
tions is satisfactory, and is to be pre- 
ferred on account of the easier solution 
obtained. 


Evaluation of the flexural rigidity 
of slabs 


P. S. Battnt, Constructional 
ney), V. 32, No. 12, Dec. 


Review (Syd- 
1959, pp. 18-25 

A method is proposed for the direct 
evaluation of the flexural rigidity of 
slabs using strain and deflection meas- 
urements, taken on simply supported 
slabs when tested in bending. This is 
based on the results of tests to investi- 
gate the behavior of prestressed con- 
crete slabs on elastic foundation. One of 
the objects of the investigation was to 
compare theoretical bending moment 
values with experimental ones. 

In comparing values of Young’s mod- 
ulus as obtained from the compression 
test with the values calculated from 
the flexure test the latter runs consist- 
ently higher with an average difference 








CURRENT 


of 14 percent. In cases where the flex- 
ural rigidity of slabs has to be found 
accurately it appears that this describ- 
ed method of loading will give more 
appropriate results than would be ob- 
tained by testing the material. 


Strength of concrete members in 
combined bending and torsion 
Stewart ArmMstTRONG, Proceedings of a Sym- 
posium on the Strength of Concrete Struc- 
tures, Cement and Concrete Association 
(London), 1958, pp. 101-122 
AUTHOR’s SUMMARY 

Presents a review of existing theo- 
ries and experimental evidence on tor- 
sion concrete, plain, reinforced, and 
prestressed. After summaries of prev- 
ious experimental work, details of tests 
by Cowan and the author on torsion 
and, in particular, on combined bend- 
ing and torsion of reinforced and pre- 
stressed concrete, are given. Formulas 
for the twisting moment, area of longi- 
tudinal and of lateral reinforcement, 
and a dual criterion of failure in com- 
bined bending and torsion are propos- 
ed. Conclusions from experiments on 
encased joists are stated. Methods of 
assessing the ultimate strength of con- 
crete in torsion are suggested. 


Direct models as an aid to rein- 
forced concrete design 


G. Brock, Engineering (London), V. 187, No. 
4857, Apr. 10, 1959, pp. 468-470 
Reviewed by Aron L. Mirsky 


By “direct” models, author refers to 
models made of materials having 
stress-strain curves which are identical 
to those of the prototype except for a 
simple change of scale, for example, 
concrete or gypsum plaster reinforced 
with small diameter mild steel thread- 
ed rods, as distinguished from “indi- 
rect” models such as those used with 
the Beggs deformeter. Paper covers the 
advantages of model investigations 
with particular reference to direct 
model testing, the laws of structural 
model analysis, gypsum-plaster models, 
and the ultimate strength of reinforced 
plaster models. For the last, good a- 
greement is shown between experi- 
mental results and theoretical values 
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found by C. S. Whitney’s analysis for 
concrete (Transactions, ASCE, V. 107, 
1942, pp. 251 ff.) 


While most of the material is not 
new, paper presents it in a form which 
will be of interest and value to struc- 
tural engineers. 


Moment redistribution in continu- 
ous beams reinforced with plain and 
deformed bars 
K. Hasnat-Konyt and H. E. Lewts, Proceed- 
ings of a Symposium on the Strength of 
Concrete Structures, Cement and Concrete 
Association (London), 1958, pp. 158-200 
AvuTnHors’ SUMMARY 

Tests to failure have been made on 
14 two-span continuous beams to com- 
pare the redistribution of bending 
moments with Tentor bars and with 
mild steel bars as tensile reinforce- 
ment. Six beams were over-reinforced 
and eight under-reinforced at the cen- 
tral support. In each group, half of the 
beams were in low-strength, and half 
in high-strength concrete. Two beams 
of each type were tested, with the ex- 
ception of the beams over-reinforced 
at the central support with mild steel, 
of which only one was tested in each 
case. 

Except for one case with shear fail- 
ure, the ultimate loads on beams rein- 
forced with Tentor bars were greater 
than those on beams with comparable 
mild steel reinforcement. Redistribu- 
tion of bending moment took place in 
all cases. With beams in low-strength 
concrete over-reinforced at the central 
support, failure occurred by crushing 
of the concrete at the central support. 
With the same type of reinforcement in 
high-strength concrete, failure occurred 
at the support only after the yield 
point (in the case of Tentor bars the 
proof stress) had been exceeded in the 
span. In beams of high-strength con- 
crete under-reinforced at the central 
support, in the case of mild steel bars 
the yield point was exceeded in the 
span when failure occurred at the cen- 
tral support by extensive elongation of 
the steel which caused crushing of the 
concrete, while, in the case of Tentor 
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bars, the proof stress was exceeded in 
the span when failure occurred at the 
central support by fracture of the bars. 
Beams with similar reinforcement in 
low-strength concrete failed in shear at 
the central support before the yield 
point or proof stress was reached. 


Strength of concrete members un- 
der dynamic loading 
S. C. C. Bate, Proceedings of a Symposium 
on the Strength of Concrete Structures, Ce- 
ment and Concrete Association (London), 
1958, pp. 487-525 

AUTHOR’s SUMMARY 

Presents a review of the available 
experimental data on the strength of 
reinforced concrete and _ prestressed 
concrete members under repeated load- 
ing and under impact or impulsive 
loading. It is concluded that the lab- 
oratory tests indicate that each form of 
construction has, in general, an ade- 
quate resistance to fatigue failure. Ad- 
verse corrosive conditions in service 
could, however, invalidate this conclu- 
sion. 

Under impact loading, prestressed 
concrete members have a high capacity 
for recovery from severe deformation, 
while reinforced concrete members 
have a high capacity for energy ab- 
sorption with little capacity for recov- 
ery. For both forms of construction, 
transverse reinforcement fulfills a more 
important role under impact loading 
than under static loading. 


Strength of concrete walls under 
axial and eccentric loads 
A. E. Seppon, Proceedings of a Symposium on 
the Strength of Concrete Structures, Cement 
and Concrete Association (London), 1958, pp 
445-481 
AUTHOR’s SUMMARY 
A review is given of information on 
the strength and behavior under axial 
and eccentric loads of monolithic con- 
crete walls of types used in building 
construction. Dense concrete and no- 
fines concrete walls are considered, and 
their strengths under axial and eccen- 
tric loads distributed over the full wall 
length and concentrated over part of 
the wall length are indicated in so far 
as they have been investigated by lab- 
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oratory tests. The effects on strength of 
the addition of reinforcement and of 
openings in the dense concrete wall are 
included. 


Study of beam supports and column 
capitals in prefabricated structures 
(in Swedish) 


AKE Ho.tmperc, Nordisk Betong (Stockholm), 
V. 3, No. 4, 1959, pp. 349-354 
Reviewed by MARGARET CORBIN 
To be capable of rotation, the ends of 
precast concrete beams should rest on 
convex supports. The investigation 
dealing with column capitals comes to 
the conclusion that convexity, which is 
expressed by the ratio a/b, should be 
0.05; that an asphalt felt insert should 
be provided between beam and column 
capital; and that reinforcement should 
be suitably distributed over the prob- 
able cross-section of rupture. A second 
investigation deals with brackets at 
the supports and presents a graphic 
analysis. 


A note on the mechanism of diag- 
onal cracking in reinforced concrete 
beams without shear reinforcement 


Magazine of Concrete Research 
No. 33, Nov. 1959, pp. 159-162 
AUTHOR’s SUMMARY 


R. TAayYior, 
(London), V. 11, 


An hypothesis is made concerning the 
mechanism of diagonal cracking in re- 
inforced concrete beams without shear 
reinforcement; a test on a beam with 
pre-formed flexural cracks appears to 
support the hypothesis. The implica- 
tions of such a mechanism of diagonal 
cracking are discussed. 


General 


Illustrations for publication and pro- 
jection (ASA Y15.1-1959) 


American Society of Mechanical Engineers 
and American Standards Association, 1959, 16 
pp., $2 

A guide to help authors prepare 
clear and legible illustrations for tech- 
nical papers and articles. This pam- 
phlet describes a standard method for 
preparing graphs, line drawings, and 
tabular illustrations for technical pub- 
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lications and slide projection. This ASA 
standard supercedes Z15.1 covering 
lantern slides and Z15.3 covering 
graphs for publications. 


The standard emphasizes that sim- 
plicity, legibility, and unity are essen- 
tials of charts and graphs intended for 
use as visual aids. The standard pre- 
sents practical guide rules and illus- 
trates how they are used to achieve ef- 
fective visual aids. An innovation is the 
functional integrated system provided 
for use with a standardized draft form. 
With this, the technical author can 
easily prepare effective designs while 
Saving both production time and ex- 
pense. Standard sizes for ordinary tem- 
plate lettering, symbols, and ruled lines 
are established for use with this sys- 
tem or with such variations of it as may 
be required for nonstandard drawings. 


Certain large public works of the 
First Empire and their builders 
(Quelques grands travaux publics du 
premier empire et leurs maitres 
d’oeuvre) 
A. Lorton, Annales des Ponts et Chausées 
(Paris), V. 129, No. 3, May-June 1959, pp. 
345-363 
Reviewed by Aron L. Mirsky 
Three Director Generals of Bridges 
and Highways under Napoleon I are 
singled out: Cretet, Montalivet, and 
Molé, and public works projects con- 
ceived and executed in that era are dis- 
cussed under the headings of highways, 
bridges, navigable waterways, and 
ports. The historically minded will find 
this engrossing. 


Engineering college research review 
—1959 


Engineering ——_ Research Council, Amer- 


ican Society for Engineering Education, Uni- 
o~ of Illinois, Urbana, IIl., 1959, 446 pp., 


Lists over 10,000 research projects 
now underway in 118 engineering col- 
leges in the United States. Expenditures 
on these research activities during the 
current year will total over $112,000,- 
000. The review is intended to assist 
colleges, students, and government, in- 
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dustrial, and foundation sponsors of 
research by identifying the institutions 
conducting research in the areas of 
interest to each group. In addition to 
listing active research projects, infor- 
mation is also given about the research 
policies, research personnel, adminis- 
trative officers, and magnitude of the 
research program for each of the mem- 
ber colleges and universities. 


Concrete industries yearbook— 
1959 


Pit and Quarry, Publications, Inc., 
21st Edition, 1959, 200 pp., $5 

This edition is divided into three 
parts: concrete units, ready-mixed 
concrete, and prestressed concrete. At 
the end of each section is an index for 
reference to items in that section only. 
Likewise the advertising following each 
section primarily applies to the con- 
crete application in that section. With 
this setup a producer interested in a 
particular production could save that 
complete section and discard the rest, 
still having all pertinent information. 

After an introduction, Part 1 takes 
the reader through the entire proced- 
ure of production of concrete units. It 
commences with the methods of estab- 
lishing a block business including plant 
layout. It then discusses the materials 
to be used, the manner in which the 
materials are used and the equipment 
used to handle the materials. It even 
goes into particular types of admix- 
tures, automatic batching controls, 
compression testing equipment, etc. 
The following special topics are like- 
wise covered: color, texture, precast- 
ing, wall reinforcement, and concrete 
pipe. 

Part 2 deals similarly with ready- 
mixed concrete, commencing with the 
establishment of a business, plant lay- 
out, material analysis, and batching 
control. A special section deals with 
supervision and administration includ- 
ing office operations and record keep- 
ing. 


Chicago, 


Part 3 on prestressed concrete, after 
introductory information defining pre- 
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stressed concrete and explaining the 
advantages of prestressing, gives a 
history of the development of pre- 
stressing in other countries and in the 
United States. The article discusses the 
setup of a prestressing plant, materials 
to be controlled and used, and the fab- 
rication methods and equipment which 
must be carefully utilized; special 
equipment and fittings are shown. 
Finally applications are discussed and 
pictured. Brief mention is made of de- 
sign requirements and specifications as 
developed by various societies. 


Bibliography on filing, classification, 
and indexing systems for engineer- 
ing offices and libraries 
ESL Bibliography No. 14, Engineering So- 
cieties Library, New York, 1960, 33 pp. 
(multilithed) $2 

A selected annotated list of 155 ref- 
erences. The references are to books, 
pamphlets, and magazine articles on 
filing, classification and indexing, lists 
of subject headings, and hand-sorted 
punched-card systems suitable for or- 
ganizing small collections of engineer- 
ing books, notes, correspondence, ab- 
stracts, reprints, drawings, maps, and 
manufacturers’ catalogs. Some of the 
listed items are broadly applicable; 
others are related to specific subject 
fields. There is a subject index as well 
as an introduction in which selection 
and use of the systems are discussed. 


Directory of building research and 
development organizations 


Conseil International du Batiment Pour la 
Recherche L’Etude et la Documentation, c/o 


Bouwcentrum, Rotterdam, 1959, 


Swiss 


163 pp., 15 


This directory, a revised edition of 
the one published by the United Na- 
tions in 1951, presents information on 
organizations engaged in the study of 
building problems. It includes Euro- 
pean organizations, international or- 
ganizations, and nonEuropean organ- 
izations which are members of the Con- 
seil International du Batiment Pour la 
Recherche L’Etude et la Documenta- 
tion (CIB) [International Council for 
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Building Research Studies and Docu- 
mentation]. The directory lists general 
and specialized organizations and pre- 
sents in addition to the name and ad- 
dress of each organization, information 
on the staff, field of work, and publi- 
cations. 


Special services (welfare and recre- 
ation) facilities 

Technical Publication, Navdocks TP-Pw-13, 
Bureau of Yards and Docks, Department of 
the Navy, Sept. 1953, 62 pp., $1.75 (Order 
Report PB 151980 from office of Technical 
Services, U. S. Department of Commerce) 

The purpose of this publication is to 
establish Bureau of Yards and Docks 
principles and practices concerning 
standards, design, planning, construc- 
tion, alteration, repair, upkeep, main- 
tenance, and inspection of special serv- 
ices facilities at all naval shore activi- 
ties. 

It presents design factors, formulas, 
and graphs to be used as engineering 
guides in the solution of structural 
problems involving construction meth- 
ods. It covers auditoriums, swimming 
pools, outdoor recreation facilities, 
gymnasiums, navy exchanges, chapels, 
and recreation buildings. 


Index of publications of the Road 
Research Laboratory: 1933-1958 


Road Research Laboratory (England), July 
1959, 118 pp. 


The work of the Road Research Lab- 
oratory in England has been described 
in many publications ranging from of- 
ficial reports issued by H. M. Stationery 
Office to papers contributed by staff 
members to society publications and 
the technical press. This index lists all 
publications from 1933 to the end of 
1958 and includes brief summaries of 
the contents of Technical Papers and 
other Road Research Laboratory publi- 
cations. Papers and articles by mem- 
bers of the laboratory staff are listed in 
a separate section. A subject index to 
all publications is included as well as 
directions for purchasing or, in the 
case of out-of-print issues, borrowing 
official publications. 
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Record Turnout — 


ACI Convention Reviews 
Progress and Looks to 
Unsolved Problems 


A NEW ANNUAL CONVENTION registration rec- 
ord was set in New York during the 56th 
Annual ACI Convention, March 14-17, when 
more than 1000 registered for the 4-day event. 

A full program of technical committee meet- 
ings, papers, and reports attracted leaders in 
concrete and related construction fields from 
all over the world. In reporting progress in 
the various fields of research, design, and con- 
struction techniques, the various sessions also 
gave hints of things to come — both the prob- 
lems to be solved and some of the new devel- 
opments that will probably lead to the solution 
of some of the vexing problems that still remain 
unsolved. 

A day and a half, March 14-15, were devoted 
to technical committee meetings. The first gen- 
eral session on Tuesday afternoon, March 15, 
was devoted to ACI committee reports. 

Concurrent sessions began on Wednesday, 
March 16, with model tests and highways being 
featured in the morning and materials and de- 
sign and structural research being featured 
in the afternoon. Thursday morning continued 
the concurrent sessions with a symposium on 
restoration of deteriorated concrete and a ses- 
sion on design and construction. The annual 
research session on Thursday afternoon, March 
17, spotlighted some of the concrete research 
in progress at institutions throughout the world. 


I 
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An exhibit of technical products and 
various social events rounded out the 
New York program. 


Technical committee meetings 


More than 40 technical committees 
and subcommittees held working ses- 
sions during the convention. A day and 
a half was devoted exclusively to this 
important part of Institute work, and 
some groups met in the evenings and 
even prior to the official start of the 
annual meeting. There were also ad- 
ministrative meetings of the Board of 
Direction and the Technical Activities 
Committee, as well as a brief informal 
session of ACI chapter representatives. 

All of the technical committee meet- 
ings were open to Institute members 
except in a few cases where committee 
work had progressed to the point that 
committees requested a closed or ex- 
ecutive session. 

Committees meeting were: Commit- 
tee 115, Research, executive group; 
Committee 116, Nomenclature; Com- 
mittee 201, Durability of Concrete in 
Service; Committee 207, Properties of 
Mass Concrete; Committee 208, Bond 
Stress; Committee 209, Creep and Vol- 
ume Changes in Concrete; Committee 
212, Admixtures. 

Committee 213, Properties of Light- 
weight Aggregate Concrete, held a 
meeting of the complete committee 
and also scheduled four subcommittee 
meetings. Other committees were: Com- 
mittee 214, Evaluation of Results of 
Strength Tests of Concrete; Committee 
216, Fireproofing or Fire Protection of 
Structures. 
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Two ACI presidents get to- 
gether with the chairman of 
the New York convention 
committee (left to right) — 
Phil M. Ferguson, retiring 
resident, Roger H. Cor- 
Dette, New York, and Joe 
W. Kelly, newly elected 
president 


Committee 318, Standard Building 
Code, held several lengthy executive 
sessions and Subcommittees No. 2, 8, 
and 15 of Committee 318 also met. 

Other committees were: Committee 
324, Precast Reinforced Concrete, Thin 
Sections; Committee 326 (ACI-ASCE), 
Shear and Diagonal Tension; Commit- 
tee 328 (ACI-ASCE), Limit Design; 
Committee 331, Structures of Concrete 
Masonry Units; Committee 334, Con- 
crete Shell Structures. , 

Committee 335, Deflection of Con- 
crete Building Structures; Committee 
336, Combined Footings; Committee 
339, Allowable Stresses in Reinforce- 
ment; Committee 401, Specifications for 
Structural Concrete; Committee 402, 
Concrete Floor Finishes; Committee 
505, Design and Construction of Rein- 
forced Concrete Chimneys. 

Committee 609, Consolidation of Con- 
crete; Committee 611, Inspection of 
Concrete; Committee 612, Recommend- 
ed Practice for Curing Concrete; Com- 
mittee 613, Recommended Practice for 
Proportioning Concrete Mixes, and one 
of its subcommittees; Committee 621, 
Aggregates; Committee 622, Formwork 
for Concrete. 

Committee 623, Cellular Concretes; 
Committee 712 (ACI-ASCE), Precast 
Structural Concrete Design and Con- 
struction; Committee 714, Concrete 
Bins and Silos; Committee 716, High 
Pressure Steam Curing; Committee 717, 
Practice in Low Pressure Steam Cur- 
ing; and Committee 805, Application of 
Mortar by Pneumatic Pressure. 
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Concrete 


Progress and Problems 


The first general session on Tuesday afternoon was aptly prefaced 
with the address of retiring ACI President Phil M. Ferguson, in which 
he discussed ACI’s expanding role in concrete technology and some of 
the major problems facing the industry. The session was opened with 
a welcome to New York by Roger H. Corbetta, of Corbetta Construction 
Co., chairman of the New York convention committee. 


President Ferguson pointed to the increased role that ACI is playing 
internationally, the increased activity of ACI technical committees, and 
some of the problems facing the industry. (The complete address can 


be found on p. 1097 of this month’s JouRNAL.) 


In speaking of industry problems, 
President Ferguson said, “One should 
not gather .. . that the work of ACI 
is complete nor that the concrete in- 
dustry has reached the place where it 
can be content with past honors.” As 
examples of the problems that are 
facing the industry, he singled out such 
subjects as uniformity of concrete 
strength and properties, adequate in- 
spection of construction, and adequate 
research. 

“The industry is well aware,” he said, 
“that concrete strength, under properly 
controlled conditions, can be main- 
tained reasonably uniform quite close 
to the desired level.” However, he 
pointed out that in many of today’s 
construction jobs variation in concrete 


Harry C. Delzell (left) was 
presented with the Henry L. 
Kennedy Award by ACI 
President Ferguson in recog- 
nition of his outstanding 
contributions to the ad- 
vancement of the objectives 
of the Institute 


strength on the job is one of the most 
costly factors now entering into con- 
crete construction. He emphasized that 
the industry must come up with a 
better system of concrete mix control 
than it now uses. 

Another major problem lies in the 
lack of proper engineering inspection, 
which is more a matter for the archi- 
tects and engineers than it is for the 
contractor. President Ferguson called 
attention to the advantages to be gained 
from adequate supervision and inspec- 
tion by the architects and engineers. 

Major emphasis was placed on the 
lack of research in the field of concrete 
and reinforced concrete—in fact, in the 
construction industry as a whole. He 
said, “There are many questions crying 


‘| 
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Vice-President Lewis H. Tuthill (right 

“takes a break’ from a session to ad- 

mire the Construction Practice Award 
given to J. F. Camellerie 


for answers and speaking generally 
there is all too little money with which 
to provide the answers.” He continued, 
“I doubt that the construction industry 
averages 0.1 percent of its funds di- 
rected to research.” 

He suggested that ACI form a “Re- 
search Booster Club” to promote great- 
er research in the concrete construction 
industry as well as to help raise funds 
to support such undertakings. He em- 
phasized that research is a profitable 
investment, not an expense. 

Three committee reports that then 
followed emphasized even further the 
need for more research by the con- 
crete industry. Progress reports were 
presented by ACI-ASCE Committee 
326, Shear and Diagonal Tension; by 
Committee 401, Specifications for 
Structural Concrete, and by Commit- 
tee 609, Consolidation of Concrete. 


Shear and Diagonal Tension—Progress 
report of ACI-ASCE Committee 326 
presented by Eivind Hognestad, chair- 
man. 


In 1950 a joint committee of ACI and 
the American Society of Civil Engi- 
neers was formed with the assignment 
of developing methods for designing 
reinforced concrete members to resist 
shear and diagonal tension consistent 
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with the new ultimate strength design 
methods. The committee immediately 
initiated a program of tests of beams 
without web reinforcement. Although 
this initial program did not fulfill the 
committee’s assignment, it did focus 
attention on the complexity of shear 
and diagonal tension, on the possible 
lack of safety with present design pro- 
cedures, and on the general lack of 
knowledge concerning the fundamental 
nature of shear and diagonal tension. 

As a result, shear and diagonal ten- 
sion became the major problem of re- 
inforced concrete for this decade and a 
few structural failures added mo- 
mentum to the intensive efforts devot- 
ed to its solution. During this 10-year 
period, a large proportion of the re- 
search work in reinforced concrete was 
assigned to shear and diagonal tension. 
Investigations and test programs were 
initiated and sponsored by many inter- 
ested organizations. When combined, 
these projects rival the famous ACI 
column investigations of the 1930's, 
both in magnitude and in scope. 

It is the purpose of the report being 
prepared by Committee 326 to con- 
solidate the thoughts and knowledge 
gained from the various investigations 
and to formulate from them safe, 
workable design procedures. 

In some areas of the problem, re- 
search has amassed sufficient data 
from which reliable empirical design 
procedures may be established taking 
into account the major variables affect- 
ing design strength. Other areas, such 
as the effects of torsion, have received 
little attention in the laboratory. Fur- 
ther research work should be encour- 
aged not only to explore other areas 
of the problem but also to determine 
the rational behavior of shear and diag- 
onal tension from which even better 
design procedures may be formulated. 

The final report, which is still being 
worked on by the committee, will prob- 
ably be divided into the following sec- 
tions: historical review, including de- 


velopment of the classical working 
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stress design procedure, review of ACI 
and other codes, and review of struc- 
tural failures; outline of research work 
since 1945 on combined stresses, beams 
and girders, frames, knee frames, cul- 
verts, and slabs and footings; principles 
of shear; beams without web reinforce- 
ment; beams with web reinforcement; 
members subjected to shear, bending, 
and axial load; slabs and footings; and 
members subjected to shear, bending, 
and torsion. 


Specifications for Structural Concrete 
—Progress report of ACI Committee 
401 presented by George H. Nelson, 
chairman. 


The committee is preparing material 
to serve, by reference, as the section 
on structural concrete in building 
specifications. It is expected that by 
the proper use of alternates and by a 
few provisions in a project specifica- 


tion that the entire specification as be- 
ing prepared by Committee 401 may be 
used by reference, thus obviating the 
necessity for writing an entire section 
on structural concrete in each job 
specification. 

The committee work has been di- 
vided among 12 subcommittees, one for 
each major section of the specification. 
The first section will detail the scope 
of the specifications, list relevant speci- 
fications and recommended practices of 
ACI and other organizations, and list 
standard definitions. Other sections will 
cover materials; proportioning; mixing; 
forms; placing, curing, finishing, and 
protection; architectural concrete; rein- 
forcement; construction joints; inspec- 
tion and testing; an evaluation pro- 
cedure to determine what is and what 
is not acceptable concrete; special con- 
cretes; and possibly a special section 
on shop drawings. 





New Jersey 
IMinois ... 
Pennsylvania 
Canada .._. 
Michigan 

. = 
California 
District of Columbia . 
Colorado 
Massachusetts 
Texas 
Connecticut 
Missouri 
Georgia 
Maryland 
Wisconsin 
Indiana 
Virginia 
aa 
Alabama 
Tennessee 
Delaware 
South Carolina 





New York Registration Records 


Converging from 40 states, the District of Columbia, Puerto Rico, Canada, Guatemala, 
Mexico, Norway, and Switzerland, 1010 registrants attended the ACI 56th annual convention. 
This also included 137 students of engineering colleges. 


Following are registrations from the various states and countries: 


Washington 
Minnesota 
Mississippi 
North Carolina 
Kansas 

West Virginia . . 
Arizona 
Florida ... 
Kentucky 
Maine 

Mexico 
Nebraska .. 
Puerto Rico 
Guatemala 
Hawaii 
Louisiana 
North Dakota 
Norway 
Oklahoma .... 
Rhode Island 
Switzerland 
ia 
Wyoming 
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Consolidation of Concrete — Report of 
ACI Committee 609 presented by 
Joseph J. Waddell, chairman. 


This report was published 
April, 1960, JouRNAL, p. 985. 

The first chapter reviews briefly the 
history of consolidation of concrete. 
This is followed by a discussion on ad- 
vantages of vibration, types of equip- 
ment and operating frequencies, forms, 
and concrete mixes (structural, mass, 
pavement, floor, lightweight, heavy- 
weight). 


in the 
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The second chapter is devoted to 
recommended practices and gives in- 
formation on amount of vibration, ef- 
fect on entrained air, over-vibration, 
revibration, and use of retarders. Rec- 
ommended techniques are outlined for 
structural concrete, slabs, mass con- 
crete, pavement (thick, thin, and rein- 
light- 


weight concrete, heavyweight concrete, 


forced), earth-moist concrete, 


concrete block, and precast products. 


Model Tests—An Aid in Research and Design 


The actual behavior of structures is most easily studied in laboratories, 
but space requirements there preclude tests on full scale prototypes. 
Hence the structural model plays an important role in fundamental 
research and also in applied design studies. 


One of the concurrent sessions on Wednesday morning was devoted 
to model tests with papers discussing bridge models, dam models, and 


thin-shell roof models. 


Prof. Joe W. Kelly, newly-elected ACI president, Department of Civil 
Engineering, University of California, Berkeley, was session chairman. 


Tests of a Rigid-Frame Bridge Model 
to Ultimate Load — Ching-Sheng Wu, 
research engineer, California Institute 
of Technology, Pasadena; Arpad A. 
Pap, assistant professor, and D. H. 
Pletta, professor and head, Department 
of Engineering Mechanics, Virginia 
Polytechnic Institute, Blacksburg. 

This paper was presented as part of 
the work of ACI Committee 314, Rigid 
Frames for Buildings and Bridges. 

A Yo scale model of an existing 
skewed reinforced concrete rigid-frame 
bridge was constructed and tested both 
within the elastic range and up to in- 
itial cracking in the concrete and 
thence to ultimate load. The model was 
fabricated of reinforced concrete using 
¥g-in. deformed reinforcing. A total of 
57 SR-4 rosette gages was used to 
measure strains on the surface of the 
concrete at selected positions. An addi- 
tional 108 SR-4 gages were fastened to 
the steel reinforcing. Deflections were 
measured at 11 points of the deck, and 


horizontal reactions determined by 
suitable dynamometers. 

Part of the strain data was converted 
to unit stress for several loadings. Con- 
centrated loadings located at or near 
the center of the deck produced large 
local strains, especially in tension. The 
model was essentially elastic up to 
about 14 ultimate load and failed in the 
abutment at the knee. 


Structural Models Evaluate Behavior of 
Concrete Dams — Jerome M, Raphael, 
associate professor of civil engineering, 
University of California, Berkeley. 
An unusual arch and buttress shape 
dam was proposed as one possible de- 
sign for the 750 ft high by 5000 ft long 
Oroville Dam. A plaster-celite, 1:200 
scale model was cast in Fiberglas molds 
to duplicate the central portion of the 
dam. Live load tests were performed 
on the dam, simulating the uniformly 
increasing water pressure by a series of 
rubber bags under stepped pneumatic 
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pressure. The control apparatus was 
described, and the results of the water 
load tests given. A new method of dead 
load testing was devised by which the 
construction stresses as well as the 
dead load stresses of the completed 
dam could be determined. Dead load 
stresses were shown for various stages 
of construction, as well as the stresses 
under combined live and dead loads. 
The technique for dead load testing 
offers opportunity for checking the 
stresses in concrete dams under vari- 
ous proposed construction programs 
and should be especially useful for con- 
trolling the construction of the over- 
hanging portions of doubly-curved arch 
dams. 


Glen Canyon Dam Structural Model 
Tests—George C. Rouse, engineer, U.S. 
Bureau of Reclamation, Denver, Colo. 


Structural model tests were made of 
Glen Canyon Dam, a 700 ft high arch 
structure which is presently being con- 
structed by the Bureau of Reclamation 
as part of the Colorado River storage 
project. 

The model was constructed of plas- 
ter-celite to a 1:240 scale. To satisfy a 
condition assumed in the structural an- 
alysis of the dam by the trial load 
method, the modulus of elasticity of 
the material from which the foundation 
and abutments were formed is 1/6 of 
the modulus of elasticity of the ma- 
terial used in the model dam. Model 
construction methods, loading, and 
testing technique, were discussed. 


Experiments with Thin-Shell Structur- 
al Models—Joseph L. Waling, professor 
of structural engineering, Purdue Uni- 
versity, Lafayette, Ind., and Longin B. 
Greszczuk, Douglas Aircraft Co., Cul- 
ver City, Calif. 

A new method of forming hyperbolic 
paraboloidal concrete shell structures 
was presented. The method which de- 
pends upon the special geometric char- 
acteristics of the hyperbolic paraboloid 
makes use of wire-supported Styrofoam 
with its high strength to weight ratio, 
as a temporary shell material to sup- 


port the permanent shell material dur- 
ing curing. The Styrofoam thus serves 
temporarily as a structural material in 
lieu of extensive formwork and re- 
mains as insulation and vapor barrier 
throughout the life of the structure. 

Experiments which led to the pro- 
posed construction procedure made use 
of space models, table-sized construc- 
tion models, and a laboratory construc- 
tion model. Results of the model stud- 
ies indicate possibilities of success with 
full-scale constructions using the pro- 
posed procedure. 





Among those attending the 56th annual 
ACI convention in New York were eight 
civil engineering professors from India. 
These men are all pursuing master of sci- 
ence degrees at the University of Colorado 
under a program sponsored by the Inter- 
national Cooperation Administration. 

One of their missions in the United 
States is to learn American methods of 
engineering education and engineering de- 
sign and construction. Additionally, they 
are to improve their technical competence 
and may pursue a higher academic degree 
in the process. Their transportation to and 
from this country plus their tuition, books, 
and fees are paid by the program as well 
as subsistence allowance during their stay. 
Funds are also provided for attendance at 
technical society conventions such as the 
ACI meeting and the annual ASCE meeting 
which the Colorado group also attended. 

The professors studying at the University 
of Colorado and their home institutions are 
as follows: 


Shreeram K. Damle 
Pasala Dayaratnam 


University of Baroda 
University College, 
Andhra University 
University College 
of Engineering, 
Bangalore 


V. Dwarakaprasad 


Natarajan 
Krishnamurthy —_ National Institute of 
Engineering, Mysore 
Anantanarayanan K. 
Narasimhan Coimbatore Institute 
of Technology 
Unattached 
Muzaffarpur Institute 
of Technology 


Annamalai University 


Edhala S. Reddi 
Bibhuti P. Sinha 


Kandasamy 
Srinivasan 


Similar groups are studying at Cornell 
University, University of Missouri, Univer- 
sity of Wisconsin, and University of Illinois. 














_PozzoLi TH makes good concrete better 
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: PONTECORVO CANAL—Owner: Electric Company of — ¢ Designing Engineer: Ing. Silvano Zorzi 
Contractor: Farsura, both of Milan, Italy. 


Flexible concrete plates 
drape-shaped to line canal bed 
New technique uses prestressed POZZOLITH concrete 


The Pontecorvo Canal carries water five 
miles to this hydroelectric project owned by 
the Electric Co. of Rome, Italy. Because the 
canal crosses irregular terrain, running part- 
ly in fill and partly in cut, a flexible concrete 
lining able to adjust itself was specified. 

Inch-thick plates of prestressed concrete, 
four feet wide and up to 98 feet long, were 
used to line the paraboloid canal bed. A 
gantry crane gripped both ends of each 
precast plate, causing it to drape into a 
catenary curve when lifted. Placement and 
alignment of successive plates in the pre- 
pared mortar bed over the masonry base 
thus required a minimum of skilled labor. 
The joints were then sealed with non-shrink 
EMBECO® mortar. 

Concrete for this project had to be du- 
rable, impervious and economical. To help 
assure this performance POZZOLITH was 


specified, because Ing. Silvano Zorzi’s pre- 
vious experience with it showed that 
PozzoLiTH makes good concrete better. 
Here, Pozzo.irtu in the mix reduced the total 
water content and improved all of concrete’s 
desirable qualities, giving less shrinkage, 
lower permeability and higher strength. 
Your local Master Builders field man will 
be glad to discuss your concrete require- 
ments with you, and show that Pozzo.LiTH 
concrete is higher in quality and more 
economical than plain concrete, or con- 
crete made with any other admixture. 


The Master Builders Company, Cleveland, Ohio 
Division of American-Marietta Company 

The Master Builders Company, Ltd., Toronto, Ont. 
Represented in foreign countries by: 

Master Builders International, Nassau, Bahamas 
Division of American- Marietta, C.A. 

Branch Offices in all principal cities. 


Our SOth Year 


MASTER BUILDERS. 
POZZOLITH 


*PozzoLiTH is a registered trademark of The Master Builders Co. for its concrete 
admixture to reduce water and control entrainment of air and rate of hardening. 
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Highway Progress Reviewed 


Highways received attention at the other concurrent session on Wed- 
nesday morning. One paper summarized the status of air-entrained 
concrete, another reported on the continuous placement of concrete on 
a three-span expressway bridge. The AASHO Road Test was described 
and the last paper was devoted to materials with a description of 


gravel beneficiation in Michigan. 


Session chairman was ACI Vice- 


President Lewis H. Tuthill, of the California State Department of 


Water Resources, Sacramento. 


Air-Entrained Concrete After 20 Years 
—E. A. Finney and M. G. Brown, re- 
spectively, director and chemical re- 
search engineer, Research Laboratory 
Division, Office of Testing and Re- 
search, Michigan State Highway De- 
partment, East Lansing (Presented by 
Ray Durfee). 


A summary survey of air entrain- 
ment related primarily to highway con- 
struction, the survey dated back to the 
late 1920’s, briefly describing the prin- 
ciple of air entrainment and telling 
how the principle was developed. 

Many of the early experimental test 
pavements (1938-1942) were described 
together with results from recent field 
observations. Michigan’s experiences 
with air entrainment and the Long- 
Time Study of Cement Performance 
conducted by the Portland Cement As- 
sociation were given special considera- 
tion. 

These researches have established be- 
yond any possible doubt the benefit of 
air entrainment in improving the re- 
sistance of concrete pavement to scal- 
ing. Further, they have conclusively 
demonstrated that this improvement in 
resistance to scaling due to the pur- 
posely entrained air overshadowed all 
other variables included in the respec- 
tive tests, when the amount and char- 
acter of the entrained air was in accord 
with established practice. 

Although air entrainment has defi- 
nitely proved its value in producing 
frost and salt resistant concrete, prob- 
lems have been introduced which have 


not been satisfactorily solved. Mix pro- 
portioning and field control still pre- 
sent serious difficulties because the op- 
timum air content lies within a rela- 
tively narrow range and the amount of 
air introduced into the mix depends 
upon many different factors. 

Evidence also supports the use of air- 
entrained concrete in bridge structures. 
In the case of bridges, proper precau- 
tions must be exercised in the design 
and control of the concrete mixture to 
insure satisfactory bond and strength. 
Further, bridge structures because of 
their piecemeal construction require 
the utmost in inspection and field con- 
trol concerning the placing, finishing, 
and curing of the concrete to insure 
scale-free surfaces in all areas of the 
structure. Prestressed  air-entrained 
concrete members are now being suc- 
cessfully fabricated in large numbers 
for highway bridge construction. 

The use of air-entrained ready-mixed 
concrete in highway pavements and 
structures presents additional problems 
in field control and inspection which 
require immediate attention on the part 
of both producer and consumer. 

The advent and application of mod- 
ern automatic batching and mixing 
equipment, as well as the development 
of improved equipment for dispensing 
air-entraining agents and measuring 
air content in the fresh concrete has 
done much to insure the manufacturer 
of quality air-entrained concrete and 
to encourage its use. 
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Continuous Integral Deck Construction 
—Placing Structural Deck on Three- 
Span Continuous Bridge Units—H. B. 
Britton, senior structural specifications 
writer, State of New York Department 
of Public Works, Albany. 


Experience in New York with retard- 
ing densifiers indicated feasibility of 
the continuous placement of concrete 
on three-span continuous structures. 

A program was therefore set up for 
the deck of the three-span continuous 
units of the Bruckner Expressway as 
follows: (1) Theoretical deformation 
calculations were submitted prior to 
placing concrete. (2) Deformation 
measurements were taken continuously 
during the entire placement operation. 
(3) Final deformation readings were 
taken at the conclusion of the place- 
ment of all concrete. (4) A method was 
provided to insure the proper location 
of the reinforcing steel, together with 
the required cover. (5) The addition of 
the retarding densifier was so con- 
trolled that the plasticity of the con- 
crete for the final placement was rela- 
tively the same as that placed at the 
first placement at the time of place- 
ment of final concrete. (6) A complete 
physical record was kept for the con- 
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crete placed for this operation, includ- 
ing gradation of the aggregates to- 
gether with temperature and moisture 
content. The report also’ included 
slump, air content, water reduction 
factor, temperature of the concrete 
when placed, ambient temperature and 
humidity, weather and other climatic 
conditions, timing of progressive place- 
ment, time when burlap drag was ac- 
complished, time when curing was be- 
gun, method of curing, and results 
obtained. 


The AASHO Road Test—A Background 
Report—F. H. Scrivner, rigid pavement 
research engineer, AASHO Road Test, 
Ottawa, Ill. (Presented by W. R. Hud- 


son). 


The AASHO Road Test is a $25 mil- 
lion project designed as a study of the 
performance of highway pavements and 
short-span bridges of certain structural 
designs when subjected to controlled 
traffic with certain specific loadings. 
The paper described the basic concepts 
of the project, the physical layout of 
the test pavements and bridges, the 
various measurement programs and 
associated instrumentation, and the 
methods being used to analyze the 
data. 





Looking Ahead to 





1961 in St. Louis 


ACI’s Technical Activities Committee is already shaping up program plans for 
the 1961 convention to be held in St. Louis, February 20-23. 

Those who intend to offer papers for presentation at the 57th annual meeting 
should write to Institute headquarters before July 1, furnishing a synopsis which 
should make clear the scope of the proposed paper and indicate features that 
the author thinks will justify its inclusion in the program. Contributors should 
have preliminary drafts of manuscripts in the hands of the Technical Activities 
Committee for appraisal and acceptance by Sept. 15, 1960, and final manuscripts 
of accepted papers will be due Jan. 1, 1961. 

From the replies received and suggestions from other sources, TAC will select 
papers to make up each convention session. 


Write Institute headquarters now about the papers you 
want to see on the 1961 program 











NEWS 


The 368 test sections provided for 
rigid pavement research can be divided 
into five broad categories according to 
the principal experiments being per- 
formed on the sections: (1) main ex- 
periment, (2) paved shoulder experi- 
ment, (3) special strain, temperature, 
and curling experiments, (4) subsur- 
face studies, and (5) weather effects 
study. 

It was mentioned that the principal 
objective of the main experiment will 
have been largely accomplished when 
the data now being gathered are used 
to derive a group of equations of the 
following general form: 


The performance of a pavement 
= a known function of the pave- 
ment design, the applied load, and 
the number of applications of the 
applied load. 


It is planned that all of the results 
from the test road will be published 
by the Highway Research Board in the 
near future. 


Gravel Beneficiation in Michigan—F. E. 
Legg, Jr., associate professor of con- 
struction materials, University of Mich- 
igan, Ann Arbor, and W. W. McLaugh- 


lin, testing and research engineer, 
Michigan State Highway Department, 
Lansing. 


The gravel industry in southern 
Michigan has been particularly active 
in recent years in applying special 
processes to remove deleterious parti- 
cles from the glacial gravels which 
abound in the region. 

Best success has been achieved using 
heavy media separation, but presence 
of high density deleterious particles in 
at least one deposit indicates limitations 
of this process when both high and 
low specific gravity deleterious parti- 
cles are in the same gravel. 

Experience so far with the jig meth- 
od has proven less successful since it 
does not appear to make as close dis- 
crimination as to specific gravity as 
these gravels demand. For example, in 
the case of heavy media processing, it 
has been observed that substantial 
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There were serious discussions too — 
Prof. Charles H. Scholer (left) and 
Richard C. Mielenz 


changes in gravel quality may result, 
for some of these deposits, by making 
a media change of only 0.05 specific 
gravity. 

The cage mill and elastic fractiona- 
tion, or “bounce” method, appear to 
not give sufficient consideration to the 
fact that, for some of these gravels, the 
deleterious particles may be quite hard 
and resilient and thus not be removed 
by either of these processes. This is 
particularly the case with chert. 

Probably the most important lesson 
to be learned from Michigan’s experi- 
ence with these beneficiation processes 
is that the particular method chosen 
must be carefully matched to the needs 
of each deposit. Different gravels may 
demand entirely different processes of 
beneficiation. The most satisfactory 
means of determining the technical fea- 
sibility—and this has been done on nu- 
merous occasions—is to run a truck- 
load or two of the gravel to be investi- 
gated through an existing beneficiation 
plant. Generous size lots of the gravel 
are then provided for whatever tests 
may be desired. 

The gravel producer must, of course, 
consider the economics of the installa- 
tion. The original investment will be 
substantial and he certainly should con- 
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proof of performance makes 


TECHKOTE AIR METER 


the world’s leader 
o 
Accurate A 


¢ 


The TECHKOTE AIR METER gives by far the most 
dependable accuracy obtainable—and does it for the reason 
that the unit itself is precision-built from start to finish. The 
extremely close tolerances combined with rugged construc- 
tion assures long lasting accuracy both in the laboratory and 
field. Simplified design makes for quick operation and easy 
maintenance. 





NOMOGRAPH 
The Air Meter combined with 
the outstanding and exclusive 
TECHKOTE NOMOGRAPH 
gives a highly diversified and 
complete concrete engineering unit. 
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sider market potential, means of dis- 
posal of waste product, and such mat- 
ters. 

Beneficiation has enabled some grav- 
el producers not only to survive com- 
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petition, but to be able to furnish pre- 
mium aggregates complying with rigid 
specifications for architectural concrete 
where severe exposure conditions are 
anticipated. 


Materials Session World-Wide in Scope 


One of the concurrent sessions on Wednesday afternoon was devoted 
to materials, with two of the reports coming from South Africa. Sub- 
jects included: effect of incomplete consolidation on various properties 
of concrete, freeze-thaw resistance of lightweight aggregate concrete, 
effect of maximum size of coarse aggregate on concrete properties, and 
high-magnesia portland slag cement concretes. Session chairman was 
ACI Past President Frank Kerekes, dean of the faculty, Michigan College 
of Mining and Technology, Houghton. 


Effects of Incomplete Consolidation on 
Compressive and Flexural Strength, U1- 
trasonic Pulse Velocity, and Dynamic 
Modulus of Elasticity of Concrete—M. 
F. Kaplan, head, Civil Engineering Di- 
vision, National Building Research In- 
stitute, South African Council for Sci- 
entific and Industrial Research, Pre- 
toria. 


Concrete mixes having cement:aggre- 
gate: water ratios of 1:3:0.35, 1:6:0.50, 
and 1:9:0.66, by weight, were used to 
make 20 x 4 x 4-in. beams and 6-in. 
cubes for resonant frequency and flex- 
ural and compressive strength tests. 
The tests were done after 7, 28, and 91 
days. Pulse velocity measurements were 
also made on all specimens before car- 
rying out the other tests. The amount 
of consolidation was varied by vibrat- 
ing the concrete for different lengths 
of time. The maximum 
was 32 percent. 


void content 


The effects of incomplete consolida- 
tion on compressive and _ flexural 
strength, pulse velocity, and dynamic E 
were reported and the interrelation- 
ships between these properties exam- 
ined. 

(The complete paper appeared in the 
March, 1960, JouRNAL. 


Freezing and Thawing Tests of Light- 
weight Aggregate Concrete—Paul! Klie- 
ger, senior research engineer, Applied 
Research Section, and J. A. Hanson, 
senior development engineer, Products 
and Applications Section, Research and 
Development Association, Skokie, Il. 


Nine lightweight aggregates and one 
natural sand and gravel aggregate were 
used in concrete subjected to laboratory 
freezing and thawing tests and, in some 
cases, to tests for resistance to deicer 
scaling. Concretes were prepared at two 
levels of compressive strength: 3000 
psi and 4500 psi at 28 days. Both non- 


Take our word for it —not all of the 

convention talks were theoretical. Roger 

H. Corbetta (left), chairman of the 

New York convention committee, gets a 

chuckle out of President Joe W. Kelly's 
remarks 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


May 





Darex Diary 


by Mel Prior 


Member, American Concrete Institute 
Technical Service Manager, Construction Products 
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ADMIXTURE CONTROL 


"Tue recent ASTM Symposium on 
water-reducing and set-retarding ad- 
mixtures underscored the growing rec- 
ognition these products are gaining in 
the concrete industry — particularly 
those admixtures that are manufactured 
to exacting chemical specifications un- 
der controlled conditions. 


Two such materials that have been de- 
veloped by chemical research are 
WRDA, water-reducing admixture and 
DARATARD, a water-reducing and 
initial set-retarding admixture. Both of 
these admixtures are manufactured 
from raw materials purchased under 
rigid specifications. Control is strictly 
maintained throughout the manufac- 
turing process. Then the final product 
is subjected to still further chemical 
control as well as actual tests to deter- 
mine the uniformity of performance. 


Tests such as the 
Proctor Needle 
Penetration Resis- 
tance (ASTM Des- 
ignation C403-57T ) 
are regularly em- 
ployed to evaluate 
the ability of 
DARATARD to 
retard the initial 
set of concrete. 


(Courtesy Bureau 
Public Roads) 


w.r. GRACE «co. 


DEWEY AND ALMY CHEMICAL DIVISION 


To obtain best results, no admixture 
should be used without the benefit of 
sound technical advice. That’s why we 
have trained our distributors and their 
sales personnel in the proper use of our 
products. These men are available for 
consultation and service in practically 
all parts of the world. They have had 
long experience with these materials 
and can help you gain maximum bene- 
fits when you use our admixtures. 


Admixtures, like any other ingredient 
of concrete, must be properly propor- 
tioned and added at a controlled rate. 
Lack of adequate control often results 
in unnecessary waste of materials and 
produces less than optimum results. 
Batch plant and paver mix manufac- 
turers recognize the need for adequate 
dispensing equipment and now furnish 
such equipment with many of their 
units. For our part, we have cooperated 
with these equipment manufacturers 
in the design and development of dis- 
pensers for our admixtures. What's 
more, our trained personnel are avail- 
able for installing and calibrating this 
equipment. 


If you have any problems on the use 
of admixtures and concrete, let our 
experts assist you. Simply write to: 


GRACE 


Cambridge 40, Mass.; San Leandro, Calif.; Chicago 38, III.; Montreal 32, Canada 
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air-entrained and air-entrained con- 
cretes were prepared, using the aggre- 
gates in an air-dried condition and in 
a 24-hr saturated condition. 


The results of these tests indicate the 
necessity for providing intentionally 
entrained air to attain a high level of 
durability, the importance of the mois- 
ture content of the aggregate, and the 
influence of strength level, i.e., water- 
cement ratio, on the durability. The 
results point to the desirability of eval- 
uating a lightweight aggregate by 
means of laboratory freezing and thaw- 
ing tests of air-entrained concrete made 
with the aggregate, as is generally done 
for normal weight aggregate. 


Effects of Aggregate Size on Properties 
of Concrete—Stanton Walker, director 
of engineering, and Delmar L. Bloem, 
associate director of engineering, Na- 
tional Ready Mixed Concrete Associa- 
tion and National Sand and Gravel 
Association, Washington, D. C. 


The report described research sup- 
plementing earlier work which indi- 
cated a lack of improvement in con- 
crete strength resulting from increased 
maximum size of aggregate. The more 
recent program provided a _ broader 
range of classes of concrete and test 
variables for the purpose of checking 
the degree of applicability of the earlier 
finding. 

The tests were made with maximum 
sizes of coarse aggregate ranging from 
3/8 to 2% in., using three cement fac- 
tors, from 4 to 8 sacks per cu yd, both 
with and without air entrainment. 
Compressive and flexural strength 
tests were made at ages of 7, 28, and 
91 days. Tensile-splitting tests were 
made at 28 and 91 days. Drying shrink- 
age measurements were also made on 
all concretes. 

The tests showed that size of coarse 
aggregate exerts an influence on con- 
crete strength independently of the 
water-cement ratio. Results indicated 
that increasing the maximum size of 
coarse aggregate may not necessarily 
be beneficial to concrete strength. Dry- 


members were elected to 


Two ACI 


honorary membership — William Lerch 


(left) and Charles H. Scholer 


ing shrinkage was not substantially in- 
creased by reduced size of aggregate 
down to about 3/4 in. 


Properties and Uses of High-Magnesia 
Portland Blast-Furnace Slag Cement 
Concretes—N. Stutterheim, vice-presi- 
dent, South African Council for Sci- 
entific and Industrial Research, Pre- 
toria (Presented by M. F. Kaplan). 


Some of the properties of portland 
blast-furnace slag cements made from 
slags having from 13 to 20 percent mag- 
nesia were described, in particular 
those composed of 50 percent slag and 
50 percent portland cement clinker 
plus gypsum. Two ways of blending 
these constituents were dealt with. 

Blast furnace slag for this study came 
from three different mills each of 
which uses dolomite as fluxing ma- 
terial in its blast furnaces. The compo- 
sition and properties of the slags and 
of cements made from them were dis- 
cussed; the effects of dry and wet 
grinding of slag, of fineness of grind, 
and of portland cement content were 
determined experimetally. Autoclave 
expansion results were invariably low. 

The performance of concrete made 
with these various types of cements 
was given in respect to workability, 
shrinkage, dynamic modulus of elas- 
ticity, Poisson’s ratio, and compressive 
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and flexural strengths. The results 
showed that the slags have good ce- 
mentitious properties. 

Some examples were shown of full- 
scale constructional applications of 
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portland blast furnace slag cements 


made from high-magnesia slags. 


(The complete paper appeared in the 
April, 1960, JoURNAL.) 


Design and Structural Research 


Design and structural research were featured in the other concurrent 
session on Wednesday afternoon. Subjects included: high strength re- 
inforcement, shrinkage and creep, effect of draped reinforcement on 
prestressed concrete beams, and ultimate strength design. ACI Past 
President Douglas McHenry, director of development, Research and 
Development Laboratories, Portland Cement Association, Skokie, IIL. 


was session chairman. 


High Strength Reinforcement in Cen- 
crete Structures—First Progress Report 
—ACI Committee 339, Allowable 
Stresses in Reinforcement, Robert Sai- 
ler, chairman. 

A brief review by the committee of 
papers and research dealing with high 
tensile strength reinforcement in con- 
crete showed that successful application 
of high strength steel may depend on 
factors other than stresses in steel 
alone. High stresses in steel will increase 
the deflections of beams, will increase 
the width of tensile cracks in the con- 
crete, and the increased width of crack 
may affect the durability of struc- 
tures. It is possible that these factors 
may be a deciding factor when de- 
signing structures with high tensile 
strength steels. 

With the above considerations in 
mind various members of the commit- 
tee have begun to study the available 
data in detail. As might be expected, 
some of the points considered could be 
abstracted readily into reports while 
others are much too involved and need 
considerable more study. That is par- 
ticularly true in regard to predicting 
crack width and effects of crack width 
on corrosion. Climatic condition and 
exposure to it appears to have a major 
influence. 

The committee reported briefly on 
four items: (1) historical background, 


(2) high tensile strength steel, (3) de- 
sign methods, and (4) deflection. 


Shrinkage and Creep of Concrete—Inge 
Lyse, professor of reinforced concrete 
and director of the concrete laboratory, 
Norway’s Institute of Technology, 
Trondheim. 

In the design of prestressed concrete 
structures it is necessary to take into 
account the effects of shrinkage and 
creep, which cause a reduction of the 
initial prestressing forces. This paper 
reported on tests of the four major fac- 
tors that contribute to shrinkage and 
creep. Equations were derived, based 
on the data obtained from the tests, for 
determining the combined shortening 
effects of creep and shrinkage. 

(The paper was published in the 
February, 1960, JOURNAL.) 


Effect of Draped Reinforcement on Be- 
havior of Prestressed Concrete Beams 
—James G. MacGregor, research associ- 
ate in civil engineering; Mete A. Sozen, 
associate professor of civil engineering; 
and Chester P. Siess, professor of civil 
engineering, University of Illinois, Ur- 
bana. 
Tests on 


19 simply-supported pre- 
stressed concrete beams with draped 
reinforcement were described and com- 
pared with the results of tests on simi- 
lar beams with straight reinforcement. 
The principal variables included: con- 
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crete strength, steel percentage, length 
of shear span, and the angle and type 
of drape profile. Web reinforcement 
was used in only five beams. 

In the practical ranges of the vari- 
ables, draping the reinforcement did 
not increase the “shear” strength of the 
beams, which for beams without web 
reinforcement corresponds to the in- 
clined tension cracking load. A com- 
parison of the behavior of beams with 
draped and straight wires showed that 
the detrimental effect of the drape on 
shear strength could be ascribed to the 
earlier formation of flexural cracks in 
regions of combined bending and shear 
and the consequent earlier development 
of inclined cracks. For extreme com- 
binations of the critical variables, an in- 
clined crack occurred prior to the for- 
mation of flexural cracks in its vicinity, 
in which case draping the wires caused 
an increase in strength which could be 
estimated on the basis of an uncracked 
section analysis. 

The beams with draped reinforce- 
ment required more web reinforcement 
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to produce a flexural failure than simi- 
lar beams with straight reinforcement. 


Ultimate Strength Design—aAlfred L. 
Parme, principal engineer, Advanced 
Engineering Group, Portland Cement 
Association, Chicago, III. 


The talk was divided into four broad 
categories: (1) Effect of shape of stress 
block on ultimate capacity—This sec- 
tion dealt with the difference between 
the rectangular, trapezoidal, and para- 
bolic stress block and their importance 
from a practical point of view; (2) Fac- 
tor of safety with respect to differences 
between design strength and cylinder 
strength for various percentages of re- 
inforcement; (3) Ductibility of group 
sections with various percentages of re- 
inforcement — In this section the 
amount of rotation available after 
yielding of steel was plotted for vari- 
ous percentages of reinforcement; and 
(4) Widths of cracks at various levels 
of steel stress at design loads. 


Restoring Deteriorated Concrete 


Highlighting the final round of technical sessions, five concrete experts 


described successful methods used 


for restoring deteriorated concrete 


at the symposium sponsored by ACI Committee 201, Durability of Con- 
crete in Service. The session was presided over by the Committee 
chairman, Hubert Woods, director of research, Research and Develop- 
ment Laboratories, Portland Cement Association, Skokie, Ill. The papers 
covered conventional methods of repair, repair of concrete pavements, 
the prepakt concrete method, use of epoxy adhesives, and pneumatically 


applied mortar. 


Conventional Methods of Repairing 
Concrete—Lewis H. Tuthill, concrete 
engineer, California Department of 
Water Resources, Sacramento. 


Conventional techniques of repair- 
ing concrete were outlined. It was em- 
phasized that a good concrete repair 
or restoration must be thoroughly 
bonded to the older concrete; must be 
sufficiently impermeable to prevent 
moisture reaching underlying older 


concrete; must, after drying, be free 
of shrinkage cracks through which 
water could reach the supporting con- 
crete; must be resistant to freezing 
where this is a factor in weathering; 
and should match surrounding con- 
crete surfaces. 


On new or restoration work, all un- 
sound concrete should be removed com- 
pletely. Mr. Tuthill recommended shap- 
ing the excavations so as to make the 
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As retiring ACI President, Prof. Phil. 
M. Ferguson (left) is decorated for 
"valor" by Miss Rosette Tarricone, 
Corbetta Pisecieaion Co., and mem- 
ber of the local ACI committee 


replaced material as secure as possible, 
and that surfaces be cleaned and moist- 
ened for maximum bond. For cleaning, 
sand blasting should be preferred to 
scrubbing with a wire brush. 

Although moistening of older con- 
crete is usually advised before bonding, 
Mr. Tuthill observed that on joint sur- 
faces possibly more permanent bond 
can be secured when these surfaces 
are dry at the time they are overlaid 
with fresh concrete. The effort former- 
ly expended on moistening before the 
repair is transferred to more water 
curing afterward. 

He also advised that for the restora- 
tion of weathered spillways, piers, and 
other hydraulic structures, reinforced 
air-entrained concrete is probably pref- 
erable to shotcrete. Other factors af- 
fecting bond, permeability, cracking, 
durability, and appearance of concrete 
repairs were also detailed. 


Repair of Concrete Pavements—Ear] J. 
Felt, manager, Transportation Devel- 
opment Section, Research and Develop- 
ment Laboratories, Portland Cement 
Association, Skokie, III. 


The patching of distressed areas of 
concrete pavements with bonded con- 
crete was discussed. 
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Mr. Felt cited several instances where 
long-lasting bond of relatively thin 
layers of concrete (1-3 in.) to old base 
concrete was secured. Some of these 
streets are still in service 40 years after 
resurfacing. 

Field investigations and laboratory 
studies conducted by the Portland Ce- 
ment Association have uncovered basic 
requirements for good bond between 
new and old concrete. Most important 
is a clean, sound, old concrete surface. 
One group of tests has shown that 
cleaning and slight roughening of an 
old sound surface with hydrochloric 
acid developed acceptable bond in the 
range of 300 to 500 psi. Chipping the 
old surface with an electric chisel im- 
proved bond, but the most effective 
tool for mechanical cleaning and for 
removing unsound concrete was the 
Tennant machine. Sand blasting was 
not particularly effective in these tests. 

Probably the most common defect in 
concrete pavements is spalling at the 
joints, frequently caused by poor joint- 
ing design or improper construction. If 
air-entrained concrete has been used, 
the spalls are hard, durable concrete 
and the shearing surface makes a good 
base for a bonded concrete patch. Many 
pavements made of non-air-entrained 
concrete still exist, however, and spall- 
ing at joints is also associated with 
concrete disintegration. Here, the base 
concrete may not be in good condition 
and considerable preparation will be 
required before patching with bonded 
concrete. 

In addition to good surface condi- 
tion of the old concrete, high quality 
grout and concrete, first class work- 
manship in placement and compaction, 
and proper jointing and curing are es- 
sential. Suggested techniques covering 
these procedures were detailed. 


Prepakt Method of Concrete Repair— 
Raymond E. Davis, consulting engineer 
(director emeritus, Engineering Mate- 


rials Laboratory, of Cali- 


fornia), Berkeley. 


University 
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Prepakt was first used in 1938 in the 
strengthening and stabilizing of the 
concrete lining of Muir tunnel on the 
Santa Fe Railroad near Pittsburgh, 
Calif. Since then, the prepakt method 
has found many applications in the 
restoration of old concrete and mason- 
ry structures. It has also gained favor 
for certain types of new construction 
where the proper placement of conven- 
tional concrete is difficult or impossi- 
ble, such as underwater work. 

Prepakt is essentially a concrete of 
gap grading which is produced by first 
placing the coarse aggregate in the 
forms, and then pumping a sanded 
grout, sometimes referred to as intru- 
sion mortar or prepakt grout, into the 
voids of the aggregate mass. In the re- 
pairs of many old stone masonry and 
concrete structures by the prepakt 
method, neat cement grouting for the 
purpose of improving structural sta- 
bility and reducing leakage is also 
carried out. 

Mr. Davis pointed out that bond 
strength between new prepakt con- 
crete and old conventional concrete is 
much higher than that obtained be- 
tween new and old conventional con- 
crete. This is probably due to the grout 
being applied under pressure. Prepakt’s 
wetting properties and its fluidity is 
much greater than that of the usual 
mortar constituent of ordinary concrete. 

Another property in which prepakt 
excels is low drying shrinkage, which 
is likely to be only about 1/6 as great 
as the usual mortar applied pneumati- 
cally and less than half as great as that 
of conventional concrete. This low dry- 
ing shrinkage, thought to be due to 
point-to-point contact of the pieces of 
coarse aggregate, also promotes greater 
crack-resistance, Mr. Davis explained. 

Also, based on laboratory tests and 
performance of field structures over a 
period of years, prepakt concretes of 
suitable materials and good workman- 
ship resist weathering action caused by 
freezing and thawing better than con- 
ventional concretes. Later-age strength 
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K. S. Pister (left) and Boris Bresler, 
University of California, received the 
Leonard C. Wason Medal for note- 
worthy research for the work reported 
in their paper "Strength of Concrete 
Under Combined Stresses" 


of prepakt concrete is also considerably 
greater. 

Mr. Davis described the composition 
of prepakt, mix proportioning, and also 
methods of test for fresh prepakt grouts 
and hardened prepakt concrete. He also 
specified the types of repairs for which 
the method is particularly well adapted. 


Repair of Damaged Concrete with 
Epoxy Resins—Bailey Tremper, super- 
vising materials and research engineer, 
California Division of Highways, Sac- 
ramento. 


How the California Division of High- 
ways uses adhesives and binders con- 
taining epoxy resins to repair concrete 
was outlined. Only epoxy resins of low 
viscosity find application as concrete 
repair materials. The bond strength of 
properly formulated adhesives is great- 
er than that of concrete, as has been 
demonstrated in many tests. Rupture 
always occurs in the concrete, not in 
the adhesive bond, Mr. Tremper re- 
ported. 

Adhesives and binders for highway 
use are formulated of epoxy resin, a 
plasticizer, and a curing agent. De- 
pending on the viscosity at the time 
of mixing, a certain amount of finely 
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ground inert filler such as talc or silica 
can also be added. 

For the repair of highways and 
bridges under traffic, quick hardening 
is desirable but this complicates the 
mixing and handling of the compound 
since rapid hardening formulations also 
have a short pot life. In general, small 
batches must be mixed and applied 
promptly. The choice of curing agent 
(generally organic amines) and the 
percentage used determines the pot life 
and the setting time. 

In patching spalled areas with epoxy 
mortar or concrete, the binder used by 
the California Division of Highways 
contains no filler and has a pot life of 
about 20 min at 70 F. Under favorable 
conditions, the repair has been opened 
to traffic within 3 to 5 hr. In cool 
weather, metal channels are placed 
over the repaired area and they are 
warmed with torches. 

Epoxy concrete is considered eco- 
nomical to use in fairly large volume 
on heavily traveled structures such as 
the San Francisco-Oakland Bay Bridge. 
But if substantial repairs are involved 
and if traffic conditions permit, it is 
more economical to use portland ce- 
ment concrete bound to the original 
work with a coating of epoxy adhesive. 

As in other concrete repair work, the 
surface to which an epoxy adhesive is 
applied must be scrupulously cleaned, 
preferably by sandblasting. Concrete 
may be damp but must be free from 
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surface moisture when the adhesive is 
applied. 

Mr. Tremper concluded his paper by 
discussing possible variations in formu- 
lation for specific uses, methods of ap- 
plication to obtain strong and durable 
repairs, and a typical formulation for 
general use. 


Experience with Pneumatically Placed 
Mortar for Restoring Concrete Struc- 
tures—O. N. Kulberg, chief construc- 
tion engineer, Southern California Edi- 
son Co., Los Angeles. 


The experiences of the Southern Cal- 
ifornia Edison Co. during the past 40 
years in restoring concrete structures 
with pneumatically placed mortar 
(shotcrete) was described. 

In addition to use for ordinary con- 
crete repair, several million square feet 
of pneumatically placed mortar are em- 
ployed in the company’s complex of 
canals, flow lines, and dams. In no in- 
stances, Mr. Kulberg explained, has this 
mortar undergone direct deterioration 
from weathering such as the scaling 
and spalling shown by low air-en- 
trained conventional concrete under se- 
vere exposure. 

However, there are areas of severe 
weathering in the Sierra Nevada Moun- 
tains where difficulty has been encoun- 
tered in pneumatically placed mortar 
restoration work on several dams. Fail- 
ure of the parent material upon which 
the mortar had been placed, or lack of 
understanding on how to maintain it 
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properties of moist and high-pressure steam-cured 
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were the chief points of difficulty. Gen- 
erally, though, all pneumatically placed 
mortar regardless of how maintained 
has had sufficient longevity to justify 
its use, Mr. Kulberg said. 

Edison Co. experience points up the 
fact, Mr. Kulberg said, that reinforced 
and dowelled pneumatically placed 


mortar, when properly maintained, is 
the most economical method of restor- 
ing disintegrating concrete where res- 
toration is relatively shallow and over 
large irregular areas. Regular inspec- 
tions for the sake of preventive main- 
tenance are all important. 


Design and Construction 


The other concurrent session on Thursday morning was devoted to 
design and construction — covering such subjects as: welding of rein- 
forcing steel between precast units, effect of floor concrete strength on 
column strength, shear strength of reinforced concrete beams, and 
design and construction of New York’s Pier 40. Session chairman was 
Raymond C. Reese, consulting engineer, Toledo, Ohio, and newly elected 


ACI vice-president. 


Welding of Reinforcing Steel Between 
Precast Concrete Units — J. Neils 
Thompson, Hudson Matlock, and A. A. 
Toprac, respectively, director of Bal- 
cones Research Center and professor 
of civil engineering, and associate pro- 
fessors of civil engineering, University 
of Texas, Austin. 


A previous investigation served to 
establish that the damage to welded 
splices between unrestrained precast 
concrete units consisted primarily of 
cracking due to differential thermal 
expansions. The present study was in- 
tended to establish the effects of the 
controlling variables and to evaluate 
the damage. 

Specimens consisted of pairs of con- 
crete blocks cast with a deformed re- 
inforcing bar projecting from the end 
of each block. The bars were connected 
with a 60-deg V-butt weld, performed 
at a reasonably rapid rate. 

Temperatures were measured with 
thermocouples along the steel bars. The 
output voltages of the thermocouples 
were repeatedly scanned in sequence 
and recorded with a cathode-ray oscil- 
loscope and camera. Power was record- 
ed continuously and the instant of 
cracking was determined by the part- 
ing of a carbon element on the speci- 


men surface. The lengths of cracks 
were measured immediately after weld- 
ing. 

Temperature distributions were found 
to be primarily functions of the bar 
projection (distance of weld from face 
of concrete). They were not affected 
much by bar size, thickness of cover, 
or welding procedure. Higher tempera- 
tures obtained with bare bars indicated 
a considerable amount of conduction of 
heat to the concrete in the regular 
units. 

Bond tests did not show that any sig- 
nificant decrease in strength was due 
to the cracks formed by welding. Ap- 
parently, with the specimens and pro- 
cedures used, it made little difference 
whether the initial crack was formed 
during welding or later by initial load- 
ing in the pull-out test. 


Effect of Floor Concrete Strength on 
Column Strength—Albert C. Bianchini, 
assistant professor, Clyde E. Kesler, 
professor, University of Illinois, Ur- 
bana, and Robert E. Woods, Indiana 
State Highway Department, Indianap- 
olis. 


Forty-five specimens representing 
portions of the corner, edge, and in- 
terior column and floor sections of a 
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typical structure were tested under ax- 
ial compressive loads and the results 
analyzed to determine the following: 
(1) how large a differential in column 
concrete strength and floor concrete 
strength could be tolerated without de- 
creasing the load-carrying capacity of 
the column, and (2) the allowable load- 
carrying capacity of the column if this 
differential is exceeded. The following 
variables were included: type of speci- 
men, column concrete strength, and 
floor concrete strength. 

From the analysis of the test results, 
a procedure was developed for com- 
puting the ultimate load of a column 
in which the column concrete is inter- 
sected by floor concrete. These lim- 
ited tests indicated that the column 
strength is a function of the ‘ratio of 
column concrete strength to floor con- 
crete strength and the number of re- 
strained edges tributary to the column. 
No reduction in column strength oc- 
curred for ratios of column concrete 
strength to floor concrete strength up 
to 1.4 for all types of specimens and 
up to 1.5 for most types of specimens. 

(This paper appears on p. 1149 of 
this month’s JOURNAL,) 


Shear Strength of Restrained Concrete 
Beams Without Web Reinforcement— 
John E. Bower, research engineer, Ap- 
plied Research Laboratory, United 
States Steel Corp., Monroeville, Pa., 
and Ivan M. Viest, bridge research en- 
gineer, AASHO Road Test, Ottawa, III. 


May 1960 
fr Three of the five winners of 
the Wason Medal for Most 
Meritorious Paper were able 
to attend the New York 
convention (left to right): 
Harry L. Flack and James E. 
Backstrom, both with the 
U. S. Bureau of Reclamation, 
and Richard C. Mielenz, The 
Master Builders Co. Richard 
W. Burrows and Vladimir E. 
Wolkodoff were not present 





Thirty-four beams were tested to de- 
termine the effects of a varying mo- 
ment ratio and a varying moment-shear 
ratio on the shear strength of restrained 
reinforced concrete beams. 

Fifteen beams failed upon formation 
of a diagonal tension crack, while 18 
beams sustained additional load after 
formation of the diagonal tension 
cracks, and eventually failed in shear- 
compression. One beam failed in flex- 
ure without formation of any diagonal 
tension cracks. 

The diagonal tension cracking loads 
indicated that the moment ratio and 
the length of the shear span have no 
direct effect on the diagonal tension. 
cracking load. On the other hand, an 
increasing moment-shear ratio had the 
effect of decreasing the load at which 
the diagonal tension crack forms. An 
equation, based on the results of the 
tests and utilizing parameters recom- 
mended by ACI-ASCE Committee 326 
was presented as being applicable to 
both simple and restrained beams. 

The tests also indicated that the ulti- 
mate shear-moment of reinforced con- 
crete beams without web reinforce- 
ment is unreliable and, therefore, of 
academic interest only. 


Design and Construction of New York’s 
Pier No. 40—David P. Billington, proj- 
ect manager, Roberts and Schaefer Co., 
New York. 


The new Holland-America Line pier 
currently under construction on the 
Hudson River in New York City is de- 
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signed for both passenger and cargo 
service. It consists of a main deck of 
660,000 sq ft, approximately 800 ft sq 
in plan, and a two-story peripheral 
shed approximately 200 ft wide, leav- 
ing an open truck court in the center 
of the pier. The pier has many unusual 
features but this report was concerned 
with the concrete main deck and the 
precast and prestressed concrete super- 
structure. 

Reinforced concrete beams cast mon- 
olithically with the concrete pile caps 
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support precast prestressed concrete 
floor panels which form the main deck. 
The main framing for the concrete 
superstructure consists of: (1) cast-in- 
place columns, (2) precast columns, (3) 
precast post-tensioned girders, (4) pre- 
cast post-tensioned beams, (5) cast-in- 
place floor slab, and (6) precast roof 
slab. In addition to the gravity loads, 
it was required that the superstructure 
would stand horizontal thrust due to 
impact when a ship hits the pier. 


Annual Research Session 


There were 12 progress reports of current research presented at the 
annual research session on Thursday afternoon. The session is sponsored 
by ACI Committee 115, Research, as part of its work of reviewing and 


correlating research in concrete and reinforced concrete. 


George W. 


Washa, University of Wisconsin, is committee chairman and S. J. 
Chamberlin, Iowa State University, is secretary. 


This annual open meeting differs from general sessions in that the 
information is not released for publication. Attendance at the session 
was the only way of being informed of the developments reported. 


Reports of the following research were presented: 


Effect of High Temperatures on Con- 
crete Made with Different Aggregates 

N. G. Zoldners, head, Construction 
Materials Section, Minerals Processing 
Division, Canadian Department of 
Mines and Technical Surveys, Ottawa, 
Ont., Canada. 


Turbo-Jet Engine Exhaust Impinging 
Upon Concrete — William R. Lorman, 
materials engineer, U. S. Naval Civil 
Engineering Laboratory, Port Huene- 
me, Calif. 


Insulating Concretes — Thomas W. 
Reichard, Structural Engineering Sec- 
tion, National Bureau of Standards, 
Washington, D. C. 


“High-Low-Lift” Mass Concreting— 
T. G. Clendenning, supervising engi- 
neer, Masonry Section, Research Divi- 
sion, Hydro-Electric Power Commission 
of Ontario, Toronto, Ont., Canada. 





Research Compilation 


As part of its work, ACI Committee 115, 
Research, each year assembles a list of 
research agencies doing work in the fields 
of plain and reinforced concrete and vari- 
ous projects in progress. (A summary of 
the 1960 compilation can be found in the 
convention report on the annual research 
session.) 


The committee is anxious to increase 
the coverage of research activities here 
and abroad. Anyone having suggestions or 
knowing of omissions from the 1960 com- 
pilation should advise the secretary of 
Committee 115. Information will not be 
given publicity unless permitted by the 
correspondent. Address inquiries to: 


S. J. Chamberlin 

Secretary, ACI Committee 115 
T & A M Laboratory 

lowa State University 

Ames, lowa 
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Anti-Shrinking Agents in Mortar and 
Concrete—Myron G. Brown, chemical 
research engineer, Testing and Re- 
search Division, Michigan State High- 
way Department, Lansing. 


Effects of Restraint on the Expansion 
Caused by Alkali-Aggregate Reaction— 
Thomas B. Kennedy, chief, Concrete 
Division, Waterways Experiment Sta- 
tion, Corps of Engineers, Jackson, Miss. 

Moisture Migration Through Con- 
crete Slab-on-Ground Construction — 
Harold W. Brewer, development engi- 
neer, Products and Applications Sec- 
tion, Research and Development Lab- 
oratories, Portland Cement Association, 
Skokie, Ill. 


Correlation Between Flexural and 
Tensile Splitting Strength of Concrete 
—I. Narrow, engineer, Ohio River Di- 
vision Laboratories, Corps of Engineers, 
Cincinnati, Ohio. 





Admixtures 
for 
Concrete 


@ By ACI Committee 212 


Concrete admixtures are classified 
into 11 groups: accelerators, retarders, 
air-entraining agents, gas-forming 
agents, cementitious materials, pozzo- 
lans, alkali-aggregate expansion inhibi 
tors, damp-proofing and permeability- 
reducing agents, workability agents, 
grouting agents, and miscellaneous. 


This 34-page report discusses each 
group and the important effects to be 
expected in using materials of each 
group. 


Order from 
ment, American 
P.O. Box 4754, 
troit 19, Mich. 


Publications Depart- 
Concrete Institute, 
Redford Station, De- 


Price 75¢ 
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Mechanisms of Autogenous Healing in 
Concrete—Floyd O. Slate, professor of 
engineering materials, Cornell Univer- 
sity, Ithaca, N. Y. 


Stress Corrosion Failures in Pre- 
stressed Concrete—Mirko Robin Ros, 
consulting engineer, Zurich, Switzer- 
land. 


Investigation of Multiple Panel Re- 
inforced Concrete Floor Slabs—Mete A. 
Sozen, associate professor of civil en- 
gineering, University of Illinois, Ur- 
bana. 


Development of a Simple Criterion 
for Determining Ultimate Strength of 
Columns Subjected to Compression 
Combined with Unsymmetrical Bend- 
ing—Boris Bresler, professor of civil 
engineering, University of California, 
Berkeley. 


Research compilation 


Another important part of the work 
of Committee 115 is the annual com- 
pilation of research in progress by 
various agencies throughout the world. 
Each convention participant attending 
the research session was given a copy 
of this report. A limited supply is 
available from ACI headquarters for 
those desiring a copy. 

The 1960 compilation lists almost 800 
research projects in plain and rein- 
forced concrete. A total of 115 organiza- 
tions reported research: 42 -academic 
institutions and 31 nonacademic insti- 
tutions in the United States, and 42 
organizations outside the U. S. 

Organizations outside the United 
States reporting research included 
work going on in many countries: 
Australia, Canada, Belgium, Denmark, 
England, France, Germany, India, Italy, 
Japan, Netherlands, New Zealand, Nor- 
way, Portugal, Scotland, South Africa, 
Switzerland, and Wales. 

The compilation is divided into three 
sections: educational institutions in the 
United States, noneducational institu- 
tions in the United States; and institu- 
tions outside the U.S. A subject index 
is also included. 
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1960 Officers Elected 


The election of Joe W. Kelly as president, Raymond C. Reese as 
vice-president, and A. Allan Bates, Bruce E. Foster, Ben C. Gerwick, Jr., 
and James A. McCarthy as members of the Board of Direction was an- 


nounced. 


Mr. Kelly, professor of civil engineering, University of California, 
Berkeley, succeeds Phil M. Ferguson, University of Texas, Austin, for 
a l-year term. Professor Kelly previously served 2 years as vice-pres- 


ident. 


ACI’s new chief executive has ac- 
tively participated in Institute affairs 
since becoming a member in 1926. 

He served on the Board of Direction 
in 1952-54 and 1956-58 and has worked 
on a number of technical and admin- 
istrative committees. He is currently a 
member of the Standards Committee 
and ACI Committee 611, Inspection 
of Concrete. He formerly served as 
author-chairman of Committee 611. 
During his tenure, the first three edi- 
tions of the popular ACI Manual of 


Concrete Inspection were produced. 

Recognized in engineering circles as 
a concrete authority, Professor Kelly 
has authored or coauthored countless 
technical papers and articles on a wide 
range of subjects dealing with concrete 
and concrete materials research. 


He was awarded the Wason Medal 
in 1934 for the paper, “Cement Investi- 
gations for Boulder Dam with the Re- 
sults Up to the Age of One Year,” 
prepared in collaboration with Ray- 
mond E. Davis, R. W. Carlson, and 
G. E. Troxell. In 1946 he received the 
ACI Construction Practice Award with 
Bernard D. Keatts for their paper, 
“Two Special Methods of Restoring and 
Strengthening Masonry Structures.” 


Professor Kelly graduated from Pur- 
due University in 1921 and engaged in 
waterworks engineering for the next 
2 years. Then, after a brief term as 
assistant in the testing materials lab- 
oratory at Purdue University, he joined 
the staff of the Portland Cement As- 
sociation for 7 years. He returned to 
Purdue as a concrete specialist of the 
engineering extension department. 


In 1931 he joined the staff of the 
Engineering Materials Laboratory at 
the University of California. From as- 
sociate research engineer, he advanced 
to the rank of professor of civil engi- 
neering in 1939. Later he was named 
vice-chairman of the department, a 
position he relinquished in 1958. 


Raymond C. Reese gets V-P post 


Mr. Reese, who was elected to a 
2-year term as vice-president, is a con- 
sulting engineer in Toledo, Ohio. 

Joining ACI in 1936, he has partici- 
pated in nearly every phase of Institute 
activity. Mr. Reese served for 8 years 
as chairman of ACI Committee 315, 
Detailing of Reinforced Concrete Struc- 
tures, which is responsible for the 
Manual of Standard Practice for De- 
tailing Reinforced Concrete Structures. 
He has been a member of the Stand- 
ards Committee and is chairman of ACI 
Committee 318, Standard Building 
Code. 


An authoritative author in the field 
of reinforced concrete for many years, 
he received the ACI Lindau Award in 
1957 “in recognition of his years of 
effective coordination of practice and 
instruction through textbooks and tech- 
nical papers on reinforced concrete.” 

Educated in engineering at Massa- 
chusetts Institute of Technology and 
Harvard University, he spent several 
years as an industrial engineer with 
the General Electric Co. Since 1922 he 
has been in private practice as a con- 
sulting engineer; he has also been a 
consultant for the Hausman Steel Co. 
for over 30 years. 
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of the CRSI Design 
received the 1953 
Award of the Concrete Reinforcing 
Steel Institute for “his contributions 
to reinforced concrete construction 
through design.” 


He is author 
Handbook, and 


Lewis H. Tuthill continues as V-P 


In addition to Mr. Reese, Lewis H. 
Tuthill begins his second year as an 
ACI vice-president. Mr. Tuthill, elected 
to a 2-year term in 1959, is a concrete 
engineer with the Division of Design 
and Construction, California State De- 
partment of Water Resources, Sacra- 
mento. 


Four directors installed 


Elected to 3-year terms on the ACI 
Board of Direction were A. Allan Bates, 
Bruce E. Foster, Ben C. Gerwick, Jr., 
and James A. McCarthy. 

Dr. Bates, vice-president for research 
and development, Portland Cement 
Association, Chicago, is a scientist and 
chemical engineer with broad experi- 
ence in industrial research. 

Active in Institute affairs since 1946, 
Dr. Bates served on the Board of Di- 
rection from 1952-54. He was chairman 
of the ACI Building Committee during 
1957-58, the work of which culminated 
in the new ACI headquarters building. 

Dr. Bates holds degrees from Ohio 
Wesleyan University and Case and a 
DSc from the University of Nancy in 
France. 

Dr. Foster, assistant chief, Concreting 
Materials Section, National Bureau of 
Standards, Washington, D. C., has been 
an ACI member since 1948. He served 
on the Board of Direction from 1956-58 
and is currently chairman of ACI Com- 
mittee 212, Admixtures, and a member 
of the Standards Committee. 

Dr. Foster is a graduate of Colorado 
College, University of Oregon, and 
Stanford University. He joined the 
National Bureau of Standards in 1935 
and much of his time has been spent 
in the California acceptance testing 
laboratories. He was associated with 
the testing of pozzolan cement for 
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Bonneville Dam and was in charge 
of the Permanente branch laboratory 
which tested the cement for Shasta 
Dam and for most of the Pacific-area 
construction during World War II. 

Mr. Gerwick, president of Ben C. 
Gerwick, Inc., San Francisco, is a for- 
mer president of the Prestressed Con- 
crete Institute. 

Mr. Gerwick, graduate of the Uni- 
versity of California, joined Ben C. 
Gerwick, Inc., in 1940 for a brief period 
prior to active military duty. He re- 
joined the organization in 1946 and 
since that time has filled positions of 
field engineer, office engineer, vice- 
president, and in 1952 became president 
of the company. 

Professor McCarthy, professor of civil 
engineering, University of Notre Dame, 
Notre Dame, Ind., joined ACI in 1940 
and has been engaged in technical com- 
mittee work for a number of years. 
He is currently a member of ACI 
Committee 115, Research, and a mem- 
ber of the Standards Committee. He 
was a member of the Technical Activ- 
ities Committee from 1955-56. 

Continuing on the Board of Direction 
Arsham Amirikian, Bureau of 
Yards and Docks, Department of the 
Navy, Washington, D. C.; S. J. Cham- 
berlin, Iowa State University, Ames; 
Roger H. Corbetta, Corbetta Construc- 
tion Co.; New York; George C. Ernst, 
University of Nebraska, Lincoln; E. A. 
Finney, Michigan State Highway De- 
partment, East Lansing; Bryant Mather, 
Waterways Experiment Station, U. S. 
Corps of Engineers, Jackson, Miss.; 
Walter J. McCoy, Lehigh Portland Ce- 
ment Co., Coplay, Pa.; 
Willson, Texas Industries, 
Worth. 

The three most immediate past pres- 
idents also serving on the Board are 
Phil M. Ferguson, University of Texas, 
Austin; Walter H. Price, U. S. Bureau 
of Reclamation, Denver; and Douglas 
McHenry, Portland Cement Associa- 
tion, Skokie, II. 


are 


and Cedric 
Inc., Fort 





Nominating Committee 

The newly elected Nominating Com- 
mittee consists of Milo S. Ketchum, Jr., 
of Ketchum, Konkel & Hastings, Den- 
ver; Ernst Gruenwald, manager, Incor 
and Technical Service, Lone Star Ce- 
ment Corp., New York; W. C. Hansen, 
director, Research Laboratories, Uni- 
versal Atlas Cement Division, U. S. 
Steel Corp., Gary, Ind.; Eivind Hog- 
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nestad, manager, Structural Develop- 
ment Section, Research and Develop- 
ment Laboratories, Portland Cement 
Association, Skokie, Ill.; K. B. Woods, 
head, School of Civil Engineering, Pur- 
due University, W. Lafayette, Ind. 

Also serving on the committee will 
be the three most recent past pres- 
idents of the Institute, Messrs. Fergu- 
son, Price, and McHenry. 


Honorary Members and Awardees Announced 


Honorary membership was conferred on two long-time ACI members 
and 11 engineers received awards at the annual Awards Luncheon on 
Wednesday, March 16. 


Honorary members 

Honorary membership in the Amer- 
ican Concrete Institute was conferred 
on Prof. Charles H. Scholer, Manhat- 
tan, Kan., and William Lerch, Chicago. 
Both were honored for their outstand- 
ing contributions to ACI and the con- 
crete industry, especially in the field 
of research. 

They become the 30th and 31st per- 
sons to receive the token of esteem that 
an ACI honorary membership signifies. 

Professor Scholer is a consultant and 
former head of the Department of Ap- 
plied Mechanics at Kansas State Col- 
lege. He served as president of the 
American Concrete Institute in 1954 
and has long been active in Institute 
affairs, both in technical and 
istrative committees. 

Eminent in the field of concrete re- 
search, Professor Scholer was one of 
the first to discover the benefits of 
entrained air in improving the dura- 
bility of concrete. 

Mr. Lerch, who retired in 1959 as 
assistant to the vice-president for re- 
search and development of the Portland 
Cement Association, is widely known 
for his authoritative papers on the 
chemistry of cement, concrete, and 
air-entrained concrete. 


ACI Awards 
Winner of the 
Medal was 


admin- 


Henry C. 
Harrison 


Turner 
F. Gonnerman, 


Oak Park, Ill. The Alfred E. Lindau 
Award was presented to Arthur R. 
Lord, Palos Park, Ill. The Henry L. 
Kennedy Award was awarded to Harry 
C. Delzell, Chicago. 

Two University of California faculty 
members, Boris Bresler and K. S. 
Pister, collaborated to win the Wason 
Medal for Research. In another team 
effort, five authors pooled their tal- 
ents to win the Medal for Most Meri- 
torious Paper. They were James E. 
Backstrom, Richard W. Burrows, and 
Harry L. Flack, Denver; Richard C. 
Mielenz, Cleveland; and Vladimir E. 
Wolkodoff, Niagara Falls, N. Y. 

Rounding out the award winners was 
J. F. Camelleries, New York, who was 
presented the ACI Construction Prac- 
tice Award. 

As recipient of the Turner Award, 
Mr. Gonnerman was cited “for numer- 
ous and outstanding contributions to 
concrete technology through research 
and administration.” 

Since 1952 Mr. Gonnerman has oper- 
ated his own consulting engineer-re- 
search service. Prior to this, he served 
for 30 years on the research and devel- 
opment staff of the Portland Cement 
Association, Chicago. 

An active ACI member since 1918, 
he served as Institute president in 1947. 
He was awarded honorary membership 
in 1951. Mr. Gonnerman has twice re- 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


Retiring ACI President Phil 
M. Ferguson (left) congrat- 
ulates Prof. Joe W. Kelly 
on his election to the ACI 
presidency for 1960 


ceived the ACI Wason Medal for note- 
worthy research—in 1929 and 1944. 


Mr. Lord was awarded the Lindau 
Award as “originator of reinforced 
concrete building tests and a pioneer 
authority in the development of flat 
slab construction.” 


Now retired, Mr. Lord’s curiosity to 
know more about the design and con- 
trol of concrete led to the development 
of many “firsts” for the industry. He 
helped develop strain gages for use on 
concrete structures, and he originated 
the first actual load test of a building 
as a basis for stress analysis. 

He was active in analysis of flat slab 
construction and pioneered in a variety 
of structural designs. During the 1920’s 
he was the world authority on flat slab 
design. 

Mr. Lord has been an ACI member 
since 1916 and helped found the Insti- 
tute’s official publication, the JOURNAL. 

Also a winner of ACI’s Wason Medal 
(1927), he was elected to the ACI pres- 
idency in 1934. He was made an honor- 
ary member of the Institute in 1957. 

The Kennedy Award, in the form of 
a framed scroll, was conferred upon 
Mr. Delzell for his 20 years of outstand- 
ing service advancing the objectives of 
the American Concrete Institute. 
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Mr. Delzell is managing director of 
the Concrete Reinforcing Steel Insti- 
tute, Chicago. He was instrumental in 
ACI’s adoption of the comprehensive 
manual of standard practice on detail- 
ing reinforced concrete structures. Mr. 
Delzell has worked on a number of ACI 
technical and administrative committees 
and on the Board of Direction. He par- 
ticipated actively and highly effectively 
in the fund-raising campaign that fi- 
nanced the construction of the ACI 
headquarters building in Detroit. 

The Wason Medal for Research was 
shared by Messrs. Bresler and Pister, 
respectively, professor and associate 
professor of civil engineering, Univer- 
sity of California, Berkeley, for their 
paper, “Strength of Concrete Under 
Combined Stresses.” The paper was 
published in the September, 1958, ACI 
JOURNAL. 

The five collaborating authors who 
received the Wason Medal for Most 
Meritorious Paper won with their pa- 
per, “Origin, Evolution, and Effects of 
the Air Void System in Concrete.” The 
award-winning paper was published as 
four installments in the JOURNAL during 
1958. 

Mr. Backstrom heads the Materials, 
Mixes and Durability Section of the 
Concrete Laboratory Branch, U. S. 
Bureau of Reclamation, Denver. Mr. 
Burrows is design consultant for the 
Martin Co., Denver, and was formerly 
with the engineering laboratories of 
the Bureau of Reclamation. A third 
coauthor, Mr. Flack is currently em- 
ployed by the Bureau of Reclamation, 
Denver, engaged in research on the 
freezing and thawing durability of con- 
crete. Mr. Mielenz, director of research, 
The Master Builders Co., Cleveland, 
was also formerly with the Bureau of 
Reclamation. Mr. Wolkodoff is senior 
engineer and head, physical measure- 
ments group, Research and Develop- 
ment Division, The Carborundum Co., 
Niagara Falls, N. Y. Previously he was 
with the Bureau of Reclamation. 

Mr. Camellerie, vice-president and 
chief engineer of Plummer Associates, 
New York, won the Construction Prac- 
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tice Award for his paper, “Slip Form 
Details and Techniques.” This paper 
was published in the April, 1959, 
JOURNAL. 


Prof. Joe W. Kelly, newly elected 
ACI president, also presented a plaque 
honoring the retiring president to Prof. 
Phil M. Ferguson. 


Local Committee Sponsors Special Events 


Augmenting the technical program, the New York Convention Com- 
mittee arranged an impressive schedule of entertainment, with ladies 
given prime consideration in the planning. 

All conventioners were invited to a get-acquainted social gathering 
on Tuesday evening. 


Two major field trips were arranged. 
One was a visit to two projects with 
unusual applications of reinforced and 
prestressed concrete—the spiral ramped 
art museum designed by Frank Lloyd 
Wright, the Guggenheim Museum, and 
the George Washington Bridge where 
prestressed concrete work is in prog- 
ress on the Manhattan approaches. The 
other trip included Kips Bay housing 
project —2l-story concrete buildings 
with cast-in-place framing and walls 
and exposed columns—and then New 
York International Airport to view 
hangars with long span concrete canti- 
levers. 

The ladies’ program included coffee 
hours each morning, a fashion show 
and luncheon, an uptown tour of Man- 
hattan, United Nations buildings tour 
and luncheon at the Delegates Dining 
Room, and a downtown tour of Man- 
hattan. 


Local committee 


Assisted by a local planning commit- 
tee of over 70 prominent men, Roger H. 
Corbetta, president of Corbetta Con- 
struction Co., general chairman of the 
group, rolled out the “red carpet” to 
make the 56th annual ACI meeting a 
memorable event. Dugald J. Cameron, 
Concrete Reinforcing Steel Institute, 
served as secretary of the committee, 
with Admiral John J. Manning, USN 
(Ret.), of the Concrete Industry Board 
of New York, as treasurer. 

Line-up of subcommittee chairmen 
and members were: Entertainment — 


M. J. McMillan, consulting engineer, 
chairman, with all members of the local 
group assisting on the committee. Pub- 
licity—Fred J. Driscoll, George F. 
Driscoll Co., chairman, aided by Rear 
Admiral Martin W. Kehart, represent- 
ing Society of American Military Engi- 
neers, and Captain Emil H. Praeger, 
representing American Society of Civil 
Engineers. 

Membership Promotion—Jacob Feld, 
consulting engineer, chairman, with 
W. J. McGinnis, Pratt Institute; Max 
Abramovitz, Harrison and Abramovitz; 
Peter R. Foss, W. J. Barney Corp.; 
Ernst Gruenwald, Lone Star Cement 
Corp.; and L. D. Long, Gulick-Hender- 
son Testing Laboratories, working on 
the committee. 

Inspection Trips— Elliot -A. Haller, 
Haller Testing Laboratories, chairman, 
assisted by R. G. Watson, Universal 
Atlas Cement Co.; James E. Halpin, 
Transit Mix Concrete Corp.; Gregory 
E. Brooks, Voorhees, Walker, Smith, 
Smith and Haines; John M. Kyle, Port 
of New York Authority; William W. 
Karl, Lehigh Materials Co.; Frederick 
S. Merritt, Engineering News-Record; 
Boyd Anderson, Ammann and Whitney; 
and William H. Mueser, Moran, Proc- 
tor, Mueser and Rutledge. 

Educational Committee — Brother 
Amandus Leo, FSC, Manhattan College 
Engineering School, chairman, work- 
ing with committee members: Jewel M. 
Garrelts, Columbia University; Charles 
E. Schaffner, Brooklyn Polytechnic In- 
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stitute; James Michalos, 
University; Milton Alpern, Cooper 
Union; William S. LaLonde, Jr., New- 
ark College of Engineering; Paul Hart- 
man, City College of New York; Joel 
Wiesenfeld, Rutgers University; Ad- 
miral W. Mack Angas, Princeton Uni- 
versity; Sidney Borg, Stevens Institute 
of Technology; James Grote Van Der- 
pool, Columbia University; Esmond 
Shaw, Cooper Union; Robert W. Mc- 
Loughlin, Princeton University; Olindo 
Grossi, Pratt Institute. 

Robert K. Lockwood, Sika Chemical 
Corp., headed up the Exhibits Commit- 
tee with James Noonan, Praeger-Kav- 
anagh; Dan Morris, Testlab Corp.; and 
William Griffin, Engineering News- 
Record, as committee members. 

George F. Ferris, Raymond Interna- 
tional, Inc., chairmanned the Finance 
Committee assisted by William H. 
Mueser, Moran, Proctor, Mueser, and 
Rutledge; H. T. Noyes, Turner Con- 
struction Co., Inc.; Admiral John J. 
Manning, Concrete Industry Board; and 
Roger H. Corbetta, Corbetta Construc- 
tion Co., Inc. 

Others working on the local planning 
committee included: W. A. Blaha, 
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New York Forbes Fireproofing Corp.; Waldo G. 


Bowman, Engineering News-Record; 
George N. Cohen, representing Con- 
crete Industry Board of New York; 
Clayton L. Davis, Universal Atlas Ce- 
ment Co.; William Ejipel, Eipel Engi- 
neering; A. L. Glassett, W. J. Barney 
Corp.; Frank Kelly, Colonial Sand and 
Stone Co.; J. C. McClure, Universal 
Atlas Cement Co.; William J. McIntosh, 
representing Concrete Industry Board; 
A. F. Moore; Penn-Dixie Cement Co.; 
George F. Pavarini, Pavarini Construc- 
tion Co., Inc.; Anton Tedesko, Roberts 
and Schaefer Co., Inc.; Maxwell Upson, 
Raymond International, Inc.; and Carl 
Youngdahl, Cement League (BTEA). 

Women’s entertainment committee 
was chairmanned by Mrs. Elliot Haller 
with Mrs. Raymond C. Reese acting as 
honorary chairman. The committee in- 
cluded: Miss Helen E. Casey, Mesdames 
Normer L. Gray, William Kinneman, 
Helen Labahn, Robert K. Lockwood, 
John J. Manning, M. J. McMillan, 
H. T. Noyes, George F. Pavarini, Emil 
Schmid, Miss Rosette Tarricone, Mrs. 
Anton Tedesko and Miss Thelma Weiss. 


Convention Exhibitors 


The product displays were one of the focal points of ACI’s New York 
Convention. Twenty-four firms and organizations serving the concrete 
industry showcased their products and services in 33 booths during the 
convention. Technical information and advice was yours for the 
asking .. . from company representatives manning the booths and from 
a wealth of helpful technical pamphlets and product literature. The 
line-up of exhibitors included: 


Acrow Corp. of America, Carlstadt, 
N. J.—Display of this world-wide firm 
specializing in formwork featured ac- 
tual set-up of adjustable steel shores. 
Literature depicting uses of Acrow’s 
V-form system of formwork, shores, 


Pecco construction tower crane high- 
lighted this display. Pecco representa- 
tives distributed brochures detailing 
on-the-job performances of tower 
cranes. Several different models are 
available. Guides to the erection and 


and scaffolding on different types of 
construction projects was available. 


American Pecco Corp., White Plains, 
N. Y.—A working scale model of the 


stripping of Pecco horizontal shoring 
also were distributed. 


Autolene Lubricants Co., Denver, Colo. 
—Backdrop display pointed up the uses 
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A KALEIDOSCOPE OF HELPFUL PRODUCT DISPLAYS greeted ACI delegates 


who visited the exhibit hall during the New York convention. Equipment, materials, 


and services to solve most problems in concrete construction and design were 
spotlighted by colorful displays. Some of the 24 exhibits are pictured here. ACI's 


educational exhibit is shown in the center photo 
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of Protex dispersing agent and Protex 
air-entraining solution. Literature on 
other Protex products for curing, seal- 
ing, and bonding concrete, Probond 
epoxy formulated products, and other 
concrete additives was passed out. 


Bethlehem Steel Co., Bethlehem, Pa.— 
Technical representatives of this sup- 
plier of steel bars for concrete rein- 
forcement were on hand to answer 
questions concerning different bars 
used in concrete reinforcement. Help- 
ful literature included booklet on the 
welding of bars. 


Chicago Fly Ash Co., Chicago, Ill. — 
Display was co-sponsored by McNeil 
Bros., Bridgeport, Conn., Detroit Edison 
Co., Detroit, Mich. and Walter N. 
Handy Co., Evanston, Ill. Display point- 
ed up the advantages of fly ash 
concrete. Available were proportioning 
guides for concrete mixes containing 
fly ash. 

Concrete Industry Board of New York 
—Technical data and booklets covering 
concrete engineering were distributed. 


Clipper Manufacturing Co., Kansas 
City, Mo.—The Clipper line of masonry 
and concrete cutting saws and blades 
was featured. Clipper also manufac- 
tures diamond core bits and accessories 
for concrete and masonry drilling. 


Elgood Concrete Forms Corp., Brook- 
lyn, N. Y.—Colorfu film slide display 
showed various uses of Elgood inflata- 
ble void forms for casting sewers, pipe, 
and drains. Also depicted were uses of 
Voidcrete cored slabs and Elgood syn- 
chronized jacking systems. 

Expanded Shale Clay and Slate Insti- 
tute, Washington, D. C.—The many 
aggregates produced by its members 
were listed in this institutional display. 
Technical data of value to the concrete 
engineer and designer were available. 


The Fireproof Products Co., Bronx, 
N. Y.—A display, supplemented by 
product literature, described this com- 
pany’s line of fireproofing materials 
and products. 
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Hugh F. Fenlon, Atlanta, Ga—Hugh 
Fenlon, consulting engineer, was on 
hand to discuss his newly-published 
book, Reinforced Concrete Column Ta- 
bles Ultimate Strength Design. Book 
contains 300 tables showing 8568 col- 
umn designs. 


Johns-Manville Products Corp., New 
York, N. Y.—J-M’s Celite Division dis- 
play spotlighted Placewel, its liquid 
concrete admixture, and Retardwel, its 
liquid retarder for concrete. Brochures 
explained the advantages of both addi- 
tives in the light of field and laboratory 
tests. 


The Master Builders Co., Division of 
American- Marietta Co., Cleveland, 
Ohio — A mobile display featuring 
construction photos was an attention- 
getter. Actual uses of Pozzolith and 
other admixtures and products were 
pictured, augmented by literature. 


The Patent Scaffolding Co., Inc., Long 
Island City, N. Y.—Miniature scaffold- 
ing display called attention to com- 
pany’s line of sectional steel shoring 
and scaffolding, as used in masonry, 
highway, bridge, tunnel, and other 
construction. Descriptive literature was 
available. 


The Prescon Corp., Corpus Christi, Tex. 
—The Prescon system of prestressing 


was dramatized in full color slides. 
Other photos and brochures depicted a 
wide variety of structures incorporat- 
ing the Prescon system, which was 
developed in 1950 and employs the 
post-tensioning technique. 


Raymond Concrete Pile Co., New York, 
N.Y.— Color slides illustrated the use 
of cast-in-place concrete piles. Bro- 
chures also pinpointed impressive 
structures around the world that are 
anchored on Raymond piles. The com- 
pany’s soil investigation services also 
were explained. 

Rex-Spanall, Inc., New York, N. Y.— 
A nationwide specialist in the concrete 
forming and shoring field, the Rex- 
Spanall exhibit emphasized its hori- 
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zontal shoring techniques and equip- 
ment for building and heavy con- 
struction. Brochures detailed the 
Rex-Spanall line of equipment and 
engineering services. 


Richmond Screw Anchor Co., Inc., 
Brooklyn, N. Y.—Information and lit- 
erature were available on Richmond’s 
diversified line of construction equip- 
ment. Illustrated pamphlets showed the 
use of lifting inserts, rock anchors, 
reinforcing bar supports, screed chairs, 
snay-typs, etc. 


Sika Chemical Corp., Passaic, N. J. — 
An interesting display called attention 
to such Sika products as Plastiment, 
Sikacrete, and Rugasol. Technical data 
were distributed. 


Sonneborn Chemical and Refining 
Corp., New York, N. Y.— Sonneborn’s 
Building Products Division display 
featured its wide range of products 
developed for concrete construction. 
Included were coating and treatments 
for concrete flooring, waterproofing, 
dampproofing, concrete and mortar ad- 
mixtures, caulking and sealing com- 
pound, protective coatings, and curing 
and sealing compounds. 


Sonoco Products Co., Hartsville, S. C.— 
Sonoco fiber tubes and forms were on 
display. Backdrop of the exhibit fea- 
tured a pictorial record of concrete 
construction projects in which Sono- 
void and Sonotube were utilized. Also 
available for inspection was Duropipe, 
a new bituminized fiber pipe. 

Thor Power Tool Co., Aurora, Ill. — 
Thor power trowels and concrete vi- 
brators were on display. The Thor 
product line, including vibratory fin- 
ishing screeds, was also described in 
literature. 

Vibro-Plus Products, Inc., Stanhope, 
N. J.— The Vibro-Plus electric, pneu- 
matic and gasoline drive concrete vi- 
brators were on display, including a 
motor-in-head electric vibrator. Liter- 
ature describing external vibrators and 
Terrapac compactors also was 
available. 


Water Seals, Inc., Chicago, Ill.— The 
different types of waterstops made by 
Water Seals were on display. Visitors 
received a brochure describing these 
waterstops, their application, and in- 
stallation. 


soil 





Technical Committee Appointments 


At the 1960 annual meeting in New 
York, the Board of Direction approved 
the appointment of 12 new committee 
chairmen for 3-year terms, with the 
former committee chairmen remaining 
as members of the respective com- 
mittees. 


Committee 115, Research 

Chester P. Siess, professor of civil en- 
gineering, University of Illinois, 
Urbana, succeeds George W. Washa, 
professor and chairman of the depart- 
ment of mechanics, University of Wis- 
consin, Madison. 


Committee 116, Nomenclature 

Delmar L. Bloem, associate director of 
engineering, National Sand and Gravel 
Association and National Ready Mixed 


Concrete Association, Washington, D.C., 
succeeds Richard C. Mielenz, director 
of research, Master Builders Co., Cleve- 
land. 


Committee 215, Fatigue of Concrete 
John F. McLaughlin, research engineer, 
Purdue University Engineering Experi- 
ment Station, Lafayette, Ind., succeeds 
Gene M. Nordby, head, department of 
civil engineering, University of Ari- 
zona, Tucson. 


Committee 326, Shear and Diagonal Tension 
(ACI-ASCE) 

Eivind Hognestad, manager, Structural 
Development Section, Research and 
Development Laboratories, Portland 
Cement Association, Skokie, Ill., suc- 
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ceeds the late Charles S. Whitney of 
Ammann and Whitney, New York. 


Committee 331, Structures of Concrete 


Masonry Units 

A. T. Hersey, director of technical 
service, Alpha Portland Cement Co., 
Easton, Pa., succeeds S. H. Westby, 
technical advisor, Housing and Cement 
Products Bureau, Portland Cement As- 
sociation, Chicago. 


Committee 338, Torsion 
Gordon P. Fisher, professor of civil 
engineering, Cornell University, Ithaca, 
N.Y., succeeds George C. Ernst, pro- 
fessor of civil engineering, University 
of Nebraska, Lincoln. 


Committee 609, Consolidation of Concrete 
Elmo C. Higginson, U. S. Bureau of 
Reclamation, Denver, succeeds Joseph 
J. Waddell, chief materials engineer, 
Knoerle, Graef, Bender and Associates, 
Chicago. 


Committee 612, Recommended Practice for 
Curing Concrete 

Edward E. Bauer, professor of civil 
engineering, University of Illinois, 
Urbana, succeeds G. E. Burnett, engi- 
neer, U. S. Bureau of Reclamation, 
Denver. 


Committee 616, Coatings for Concrete 
William H. Kuenning, senior develop- 
ment engineer, Research and Develop- 
ment Laboratories, Portland Cement 
Association, Skokie, IIl., succeeds John 
L. Rohwedder, engineer, Rock Island 
wistrict, U.S. Army Corps of Engineer: 
Rock Island, Ill. 


Committee 714, Concrete Bins and Silos 
William L. Clark, Jr., consulting engi- 
neer, Waterville, Ohio, succeeds C. H. 
Scholer, consultant and professor of 
applied mechanics, Kansas State Col- 
lege, Manhattan, Kan. 


Committee 805, Application of Mortar by 
Pneumatic Pressure 

Thomas J. Reading, engineer, U. S. 
Army Corps of Engineers, Missouri 
River Division, Omaha, Neb., succeeds 
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W. G. Irmscher, district sales manager, 
Peerless Cement Co., Detroit. 


One-year reappointments 


The following reappointments as 
technical committee chairmen were ap- 
proved for l-year terms because of 
committee work in progress: 


Committee 212, Admixtures 

Bruce E. Foster, materials engineer, 
Concreting Materials Section, National 
Bureau of Standards, Washington, D.C. 


Committee 318, Standard Building Code 
Raymond C. Reese, consulting engineer, 
Toledo, Ohio 


Committee 328, Limit Design (ACI-ASCE) 
Alfred L. Parme, head, Advanced 
Engineering Group, Portland Cement 
Association, Chicago 

Committee 333, Design and Construction 
of Composite Structures (ACI-ASCE) 

Ivan M. Viest, bridge research engi- 
neer, AASHO Road Test, Ottawa, III. 


Committee 334, Concrete Shell Structures 
Anton Tedesko, vice-president, Roberts 
and Schaefer Co., New York 


Committee 401, Specifications for Structural 
Concrete 


George H. Nelson, president, Law En- 
gineering Testing Co., Atlanta 


Committee 622, Formwork for Concrete 
Harry Ellsberg, structural consultant, 
Giffels and Rossetti, Detroit 


Committee 712, Precast Structural Concrete 
Design and Construction (ACI-ASCE) 


Jack R. Janney, The Engineers Collab- 
orative, Des Plaines, Il. 


Committee 716, High Pressure Steam Curing 
Samuel B. Helms, research engineer, 
Lehigh Portland Cement Co., Coplay, 
Pa. 


NSA schedules 1960 


annual convention 


The executive committee of the Na- 
tional Slag Association has scheduled 
the 1960 annual meeting for November 
3-4 at the Hotel Mayflower, Washing- 
ton, D.C. 
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Why SONOTARD was 


selected for New Pier 40; New York’s 
Largest Pier now under construction 


® SONOTARD is being used in all concrete to 
produce consistent and uniformly high 
strengths required for the heavy live loads 
to be handled, plus voidless density to resist 
erosion from sea water. 

e A high degree of workability to facilitate 
placement has been maintained through high 
summer heat and a winter which recorded a 
low mark for sustained cold weather. 

e The quantities of SONOTARD used were 
varied according to temperature to keep the 
water content and rate of hardening con- 
stant. At all temperatures SONOTARD pro- 
duced a uniformly high strength with max- 
imum density and eliminated shrinkage and 
cracking. 

@ SONOTARD played an essential role in the 
prestressed deck slabs and beams by con- 


trolling the initial rate of hardening and 
fluidity of concrete for optimum placement 
properties. 


® SONOTARD speeded the strength develop- 
ment (15 hours of steam cure averaged over 
4500 psi) permitting early release of tension 
and early stripping of forms. 


e Since SONOTARD does not increase the air 
content while reducing water requirements 
it allows the operator to control accurately 
the total air at all times. 


Consult your local SONNEBORN represen- 
tative for your particular project to learn 
how SONOTARD’S exclusive formulation can 
help you produce harder, denser floors— 
more uniform, crack resistant structures — 
water-tight concrete of minimum shrinkage. 


SONNEBORN 
CHEMICAL AND REFINING 
CORPORATION 


Building Products Division, Dept. J50 
404 Park Avenve South, New York 16, N. Y. 
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Increase concrete strength 
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30% with J-M Placewel... 


the liquid admixture that gives you 5 key 
controls of concrete 


Placewel®, a product of Johns-Manville, world’s largest industrial 
user of portland cement, permits a new high in compressive and flex- 
ural strength. This superiority has been proved in millions of yards 
of concrete. 

Placewel is a water-reducing, dispersing agent plus a catalyst. It 
is available with or without an air entraining agent. Placewel, by 
breaking up the cement flocs, releases water for lubrication that isn’t 
normally available. Thus, mixing water requirements are cut with- 
out relying on air entrainment alone. The Placewel catalyst enhances 
the strength-gaining characteristics of portland cement. This unique 
combination of properties provides a 30% increase in concrete 
strength (see chart). 
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7 TEST AGE—DAYS 28 
Compressive strength — performance of Placewel vs. plain and air entrained concrete 


Less than three ounces of Placewel per sack of cement will also — 


e Increase durability 350% e Improve dimensional stability 
e Increase workability e Reduce permeability 


J-M Retardwel® is recommended when concreting conditions require 
longer placing and finishing time. Retardwel delays the initial set of 
concrete and yet provides higher 24-hour strength. 


Architects and engineers 
the world over have 
learned that Placewel 
and Retardwel give them 
complete control over the 
concrete they specify. 
For full information and 
technical assistance 
write: Johns-Manville, 
Box 14, N. Y. 16, N. Y. 


WM) JoHNS-MANVILLE “ii, 





Sinews of steel 


to strengthen concrete construction 


Clinton Welded Wire Fabric 


For years, CF&I has worked closely 
with the construction industry, devel- 
oping strong welded steel mesh for 
reinforcing purposes. The result: CF«I- 
Clinton Welded Wire Fabric. 

This rugged mesh gives concrete 
structures—from bridges and roads to 
culverts and skyscrapers — maximum 


strength and durability. Its dependa- 
bility stems from the high quality of 
the steel wire used. 

CFeI-Clinton Welded Wire Fabric 
is manufactured to all ASTM specifica- 
tions and is furnished in either rolls or 
mats. It is supplied in a wide range of 
gages and spacings. 


For complete information, call our nearest sales office. 


CLINTON 


WELDED WIRE FABRIC 


THE COLORADO FUEL AND IRON CORPORATION 


STEELS 


In the West: THE COLORADO FUEL AND IRON CORPORATION— Albuquerque « Amarillo « Billings + Boise 
Butte »« Denver « El Paso « Farmington (N.M.) « Ft. Worth « Houston « KansasCity « Lincoln « Los Angeles 
Oakland « Oklahoma City « Phoenix « Portland « Pueblo « Salt Lake City « San Francisco « San Leandro 
Seattle « Spokane «+ Wichita 
In the East: WICKWIRE SPENCER STEEL DIVISION—Atlanta «+ Boston «+ Buffalo « Chicago « Detroit 
New Orleans « New York « Philadelphia 
CF&l OFFICE IN CANADA: Montreal 
CANADIAN REPRESENTATIVES AT: Calgary « Edmonton « Vancouver « Winnipeg 
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Change in title and mission 
of ACI Committee 209 


The title of ACI Committee 209, 
formerly “Volume Changes and Plastic 
Flow in Concrete,” has been changed 
to “Creep and Volume Changes in 
Concrete.” 

The mission of the committee has 
been revised to read: “The assignment 
of Committee 209 is to review critically 
available data on the factors affecting 
the magnitude of creep and volume 
changes of concrete; to suggest or 
recommend topics of needed research; 
to stimulate the preparation of papers; 
and to interpret available information 
in a form that is useful to the 
designer.” 


ACI headquarter’s visitors 


Well over a hundred visitors have 
inspected the ACI headquarters build- 
ing in Detroit recently. 

A group of 54 architects from the 
Finnish Architects Institute, Finland, 
visited the building early in April. 
Student tours from the University of 
Minnesota and University of Illinois 
also included the ACI headquarters in 
their itinerary. 

In addition to a number of Michigan 
and Ohio guests, the visitors’ register 
shows engineers and architects from 
Guatemala, Canada, and Japan. 


ACI Michigan 
members meet 


About 40 ACI members and guests 
from the Michigan area met for a 
luncheon meeting on March 9, with 
Clem G. Merriman, chief of the civil 
division, General Engineering Depart- 
ment, Detroit Edison Co., Detroit, as 
the guest speaker. 

Mr. Merriman, member of the re- 
cently reactivated ACI Committee 505, 
Design and Construction of Reinforced 


Concrete Chimneys, discussed briefly 
problems which have arisen in recent 
years in the use of tall chimneys or 
stacks by utility companies. Problems 
highlighted included structural failures 
due to aerodynamic effects and also the 
deterioration of the linings and shells 
from the development of corrosive 
acids within the chimney. 

The formal petition for the activation 
of a Michigan Chapter of ACI was 
approved by the Board of Direction 
of the Institute at the annual conven- 
tion in New York City. In addition to 
the entire state of Michigan, it has been 
decided to include in this chapter Lucas 
County of Ohio in which Toledo is the 
most prominent city. People from the 
latter area have been most active with 
the Michigan members and it is hoped 
that these geographical boundaries will 
encompass an active ACI group. 


Szilard addresses 
NSPE in Seattle 


Rudolph Szilard, structural design 
specialist, Martin Co., Denver, was 
principal speaker for “Engineers Week” 
activities on February 22-26 in Seattle. 
Sponsored annually by the National 
Society of Professional Engineers, the 
week-long conference was hosted by 
the Puget Sound Engineering Council. 

Over 400 representatives of 28 tech- 
nical societies comprising the Puget 
Sound Council heard Mr. Szilard speak 
on the “ General Problems of a Lunar 
Base Design.” His talk was based on 
research work done by Mr. Szilard for 
the Martin Co.’s Space Medicine Sec- 
tion in cooperation with M. G. Galmish, 
principal engineer of the company’s 
Ground Base System’s Development 
Department and Dr. J. Gaume, chief 
of Martin’s Space Medicine Section. 

In his present post Mr. Szilard is 
responsible for the utilization of under- 
ground double-curved thin shells for 
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Titan bases. Prior to joining the Martin 
organization as a design specialist, he 
was associated with Ammann and 
Whitney, New York, and most recently 
was an associate professor at Colorado 
State University, Fort Collins. Mr. 
Szilard is a member of ACI Committee 
338, Torsion. 


Prestressed Concrete Institute 
schedules 6th annual meeting 


The 6th annual convention of the 
Prestressed Concrete Institute will be 
held September 27-30 at the Statler- 
Hilton Hotel in New York City. 

Under the theme: “Prestressed Con- 
crete — Key to Creative Architecture 
and Imaginative Engineering,” the 
technical program will feature top en- 
gineers from the United States, Canada, 
Europe, and Russia who will present 
papers on the latest methods and proj- 
ects utilizing prestressed concrete. 

Each day of the convention will 
provide one general session for all 
attendees. During this session new 
concepts and techniques of design and 
execution will be discussed. Separate 
sessions will be provided for the anal- 
ysis and study of methods and prob- 
lems pertinent to architects, engineers, 
and producers. 


Leap Associates announce 
opening of Atlanta plant 


The opening of Leap Structural Con- 
crete of Atlanta represents the 55th 
prestressed concrete operation under 
Leap consultantship. Located at Powder 
Springs, Ga., with offices in Atlanta, 
the plant will supply that area with 
roof and floor building sections. The 
plant will be managed by J. Warren 
Thompson with John E. LaRowe as 
sales manager. 


Galezewski elected 
Rockwin vice-president 
Steven Galezewski, chief engineer of 


Rockwin Prestressed Concrete Corp., 
Santa Fe Springs, Calif., has been 
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elected a vice-president of the firm. 
Mr. Galezewski has been associated 
with Rockwin since its establishment 
and is a “pioneer” in prestressed con- 
crete in this country. 

Active in ACI and a number of other 
technical societies, Mr. Galezewski is 
currently serving as a foreign magazine 
reviewer for the Current Reviews sec- 
tion of the JOURNAL. 


Riverside Cement announces new 
multi-million dollar facility 


John M. Kinard, president of River- 
side Cement Co., division of American 
Cement Corp., recently announced the 
awarding of a contract to Diversified 
Builders, Inc., Los Angeles, for con- 
struction of a $5 million white portland 
cement manufacturing facility at the 
company’s Crestmore plant near River- 
side, Calif. The plant will be the only 
facility producing white cement west 
of the Rocky Mountains. The plant 
will have an initial annual capacity of 
250,000 bbl, expandable to more than 
double that amount. 


Errata 


The following corrections should be 
made in “Design of Unsymmetrical 
Reinforced Concrete Sections,” by A. 
Siev, which was published in the April, 
1960, ACI JOURNAL. 

p. 1064—in Eq. (11), the denominator 
should be changed from A;-« to Ajd. 

p. 1067—in the equation directly 
above Table 1, change 


tA dl., 
- jds.—Iy 


dey 


«d= rw a 


p. 1069—in the second equation from 
the top of the page, change the number 
to read jd = 8.94 + m = 10.815 in. 
On the same page and two equations 
below the above mentioned equation, 
change the numbers to read 
M = jdc = 10.815 x 6320 = 68,500 in.-lb. 
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CONCRETE FRAME FOR 
NEW JACKSONVILLE 
COLISEUM 


Lehigh Early Strength Cement 
Used in Unique Roof Structure 


e Rising next to the famed Gator Bowl in Jackson- 
ville, Florida, is a reinforced concrete frame pro- 
viding a support free area 302’ in diameter for the 
new 12,000 seat Sports Coliseum. Lehigh Early 
Strength Cement and Lehigh Portland Cement are 
being used throughout. 


Use of Lehigh Early Strength Cement in the perimeter 
roof made it possible for Daniel Construction 
Company to use fewer sets of forms while meeting 
a fast construction schedule. In the circular roof 
ribs, this cement provided the high early strength 
concrete necessary for most efficient use of the huge 
two-pronged form (see pictures). 

This is another example of why we say, ““Some- 
where on nearly every job, Lehigh Early Strength 
Cement can save time and money.” Lehigh Port- 
land Cement Company, Allentown, Pa. 


LEHIGH CEMENTS 


Owner : City of Jacksonville, Florida 

a : A. Eugene Cellar and George Ryad Fisher, Jackson- 
ville, Fla. 

Structural Engineer : Gomer E. Kraus, Jacksonville, Fla. 
Contractor: Daniel Construction Company of Florida, Jack- 
sonville, Fla. 

Ready Mix Concrete: Southern Materials Company of 
Florida, Jacksonville, Fla. 


A concrete ring 25’ in diameter was poured first atop 
the center support of this huge two-pronged form. 
Then the circular roof ribs were poured in pairs in 
prong forms (only one visible), tying the center ring 
and outer roof together. After each pour, prongs 
were lowered 3’ hydraulically and rotated to next 
position. 


MESAR0aS ». 
a" 


4S are 


Clear span at base of structure is 302’. Height to 
center roof ring is 95’. Height to perimeter roof is 
65’. Circular roof rib radius is 250’. Two of three 
entrances take shape in foreground. 


Placing concrete for roof ribs high above coliseum 
floor, 
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Wire Fabric has minimum tensile 
minimum yield point of 60,000 psi... 


to give you a better, stronger product at no increase in cost |! 


For more than 50 years, USS American 
Welded Wire Fabric has been doing an 
outstanding job of reinforcing all kinds 
of concrete work —from porches and 
walks to skyscrapers and highways. And 
now—because of its greatly increased 
tensile and yield strength—it will give 
even greater strength, longer life, in- 
creased freedom from cracking and less 
maintenance. Also, it will permit longer 
joint spacing for reinforced slabs on 
ground or less steel if present joint spac- 
ing is used. The new improved Welded 
Wire fabric will have a 75,000 psi mini- 
mum ultimate tensile strength with a 
minimum yield point of 60,000 psi. 

Closely controlled laboratory tests 
show that if the conventional bond stress 
theory is applied to American Welded 
Wire Fabric’s resistance to slip, fantastic- 
ally high bond stress values of from 1,000 
psi to 2,700 psi are computed. (See ACI 
Proceedings, Vol. 48, April, 1952.) Con- 
tinuing bond test research under the di- 
rection of American Iron & Steel Insti- 
tute has shown such good mechanical 
anchorage in the concrete as to permit 
this increase in Tensile Strength of Fab- 
ric. American Steel & Wire is able to 
present this new product because of the 
tested bond values which enable designers 
to take advantage of a higher fabric yield 
point. 

Just one example of the advantages of 
this improved fabric is in one-way slabs. 


The ACI Building Code 318-56 will allow 
unit tensile strength for fabric in main 
reinforcement of 30,000 psi in one-way 
slabs of 12-foot span or less, provided 
reinforcing members are 3” or less. Pre- 
viously, designers were limited to 28,000 
psi working stress with fabric, and only 
20,000 psi with intermediate grade bars. 

The new Welded Wire Fabric will cost 
no more. It will come in the same pre- 
fabricated rolls or sheets for easy hand- 
ling and placing. Therefore, to get the 
improved product on your job at no extra 
cost, be sure to specify USS American 
Welded Wire Fabric. 

USS American Welded Wire Fabric is 
available in a wide variety of styles, sizes, 
lengths and widths . . . in wire gauges 
from 4” diameter to 16 ga. and in longi- 
tudinal and transverse wire intervals of 
2” to 16”. Steel areas for all normal struc- 
tural reinforcing in all types of construc- 
tion are readily available. For more in- 
formation on USS American Welded 
Wire Fabric—and its new tensile strength 
—write to American Steel & Wire, Dept. 
0212, 614 Superior Avenue, N.W., Cleve- 
land 13, Ohio. 


USS and American are registered trademarks 


American Steel & Wire 
Division of 
United States Steel 


Columbia-Geneva Stee! Division, San Francisco, Pacific Coast Distributors 
Tennessee Coa! & iron Division, Fairtield, Alabama, Southern Distributors 
United States Stee! Export Company, Distributors Abroad 
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James A. Murray 


James A. Murray, associate professor 
in the department of civil and sanitary 
engineering, Massachusetts Institute of 
Technology, Cambridge, died recently 
in Winchester, Mass. 

Professor Murray was graduated 
from Harvard University in 1924. In 
1926 he joined the staff of the National 
Bureau of Standards and was chief of 
the Lime and Gypsum Section before 
becoming associated with the Warner 
Co. of Philadelphia in 1930 as director 
of research. He joined the MIT faculty 
in 1948 to take charge of research on 
cementitious materials and masonry 
units. 

Professor Murray was a member of 
ACI, American Chemical Society, 
American Institute of Chemical Engi- 
neering, and chairman of the committee 
on lime for the American Society for 
Testing Materials. 


J. J. Polivka 


J. J. Polivka, consulting structural 
engineer of Berkeley, Calif., died re- 
cently at the age of 73. 

Dr. Polivka was born in Czechslo- 
vakia in 1886. He received a master’s 
degree at Technical University of 
Prague in 1909, and the degree of 
Doctor of Technical Science in 1917; 
he also pursued graduate study at the 
Federal Institute of Technology, Zurich, 
Switzerland. 

He designed and supervised the con- 
struction of many notable structures in 
Europe, including buildings, dams, and 
bridges; and became recognized as an 
authority on mathematical and experi- 
mental stress analysis, particularly 
photoelasticity. Some of his work was 
in association with such outstanding 
authorities as Emperger and Mesnager. 
He designed the Czech pavilion at the 
Paris International Exhibit in 1937. 

In 1939, Dr. Polivka came to the 
United States to supervise construction 
of the Czech pavilion, which he had 
designed, for the New York World Fair 
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of 1939; he then settled in California 
and became a U. S. citizen in 1945. He 
was a research associate at the Uni- 
versity of California 1939-45, end a 
lecturer at Stanford University since 
1951. He continued his consulting prac- 
tice by designing unusual structures 
and consulting on special features of 
such structures as the Guggenheim 
Museum in New York, the Johnson 
Tower in Racine, Wis., and the “butter- 
fly bridge” which has been proposed 
for crossing the southern arm of San 
Francisco Bay. In much of his practice 
he was associated with the noted archi- 
tect Frank Lloyd Wright. 


Winner of a number of competitions 
and awards, a member of many pro- 
fessional technical societies, Dr. Polivka 
was author of numerous books, tech- 
nical papers, and discussions. 

A member of the Institute since 1938, 
Dr. Polivka had been a long-time re- 
viewer for the Current Reviews section 
of the JouRNAL. A fluent linguist he 
reviewed technical magazines from 
Bulgaria, Czechoslovakia, Denmark, 
France, Germany, Italy, The Nether- 
lands, Poland, Roumania, Russia, Spain, 
and Yugoslavia. 


Leonard C. Urquhart 


Leonard C. Urquhart, structural en- 
gineer, and since 1949 a member of the 
firm of Porter, Urquhart, McCreary 
and O’Brien, consulting engineers, New- 
ark, N.J., died recently in Short Hills, 
N.J. 

Mr. Urquhart received his engineer- 
ing degree from Cornell University in 
1909. He was on Cornell’s faculty from 
1911 to 1946, serving as professor of 
structural engineering from 1925. 

In 1925 he also was professor of civil 
engineering at Drexel Institute, Phila- 
delphia, and in 1940 professor of engi- 
neering at the University of Hawaii. 

In World War I, Mr. Urquhart served 
as a second lieutenant of engineers. In 
World War II, on leave from Cornell, 
he was a colonel in the Corps of Engi- 
neers. He was chief of the Engineering 
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Division, Office of Chief Engineers, 
Washington, and also served as chief 
engineer on the Tripler Army Hospital 
in Hawaii. He received the Legion of 
Merit. 

His firm’s projects included Army 
air bases in Morocco and parts of the 
New Jersey turnpike. 

Mr. Urquhart was the author of 
Design of Concrete Structures, 1940; 
Stresses in Simple Structures, 1932; and 
Design of Steel Structures, 1930. He 
was editor in chief of the Civil Engi- 
neering Handbook, 1940. Another of his 
works was Elementary Structural En- 
gineering, 1941. 

Mr. Urquhart was a long-time mem- 
ber of ACI and played an active role 
in ACI Committee 318, Standard Build- 
ing Code. 


Concrete Joint Institute 
announces new officers 


Concrete Joint Institute, formerly 
known as Expansion Joint Institute, 
has announced the election of Harry 
G. Meadows of W. R. Meadows, Inc., 
Elgin, Ill., as president of the organ- 
ization. 

Other officers elected at the recent 
meeting of their board of directors 
were James C. Whitney of Celotex 
Corp., Chicago, vice-president; and 
Wallace F. Fischer, Servicised Products 
Corp., Chicago, treasurer. 


Industrial building exposition 
scheduled for New York 


The most extensive conference ever 
staged in the field of industrial build- 
ing, the First Industrial Building Ex- 
position and Congress, will be held in 
the New York Coliseum, December 
12-15, under the sponsorship of a board 
composed of 28 of the nation’s foremost 
architects, builders, engineers, and 
industrial executives. 

Nineteen basic topics dealing with 
virtually every major aspect of new 
construction and modernization are 
scheduled. Discussions will include 
such subjects as: types of plants to 


meet specific needs; modernization and 
expansion; trends in plant design; pre- 
fabricated components; advances in the 
use of concrete; planning a moderniza- 
tion program; and construction prob- 
lems abroad. 


Feibusch forms 
consulting firm 


Hans A. Feibusch has formed his 
own consulting engineering firm with 
offices in San Francisco. The firm will 
specialize in consulting for contractors 
on heavy construction problems and 
special equipment, as well as equip- 
ment for the manufacturing of pre- 
stressed concrete products. 

For the past 8 years, Mr. Feibusch 
has been with the prestressed concrete 
and foundation firm of Ben C. Gerwick, 
Inc., San Francisco. 


Thurlimann accepts 
faculty post in Zurich 


Bruno Thiirlimann, research profes- 
sor of civil engineering at Lehigh Uni- 
versity for the past 7 years, has been 
named professor of structural engineer- 
ing at the Swiss Federal Institute of 
Technology in Zurich. 

A native of Switzerland, Dr. Thirli- 
mann made the first design of a com- 
plete testing installation in the United 
States for static and fatigue loading 
of specimens, components, and entire 
structures. This installation has seen 
extensive service in the Fritz Engineer- 
ing Laboratory at Lehigh University 
and has been the pattern for other 
installations that have since been built 
in other parts of the country. 

Dr. Thiirlimann joined the Lehigh 
faculty in 1952 as assistant professor 
of civil engineering. He was promoted 
to associate professor of civil engineer- 
ing in 1955, and to research professor 
of civil engineering in 1958. 

Dr. Thiirlimann is a member of ACI- 
ASCE Committee 333, Design and Con- 
struction of Composite Structures, and 
ACI Committee 334, Concrete Shell 
Structures. 
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Irrigation-drainage congress 


scheduled for Madrid 


The 4th International Congress on 
Irrigation and Drainage will convene 
May 30 to June 5 in Madrid, Spain, 
with study tours scheduled for June 
6-13. 

Among the subjects to be discussed 
at the working sessions are: reclama- 
tion of waterlogged and marshy lands; 
sprinkler irrigation and comparison 
with other methods of irrigation; tol- 
erance of plants to minerals in solution 
in irrigation water and in soil; and 
use of longitudinal embankments or 
levees as flood protection measures. 
Simultaneous interpretation in the 
three official languages of the congress 
(English, French, and Spanish) will 
be provided. 

In addition to the excursions in- 
cluded in the program of events, at 
the close of the congress five different 
trips are available to tour some of the 
major irrigation works in Spain. 
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MIT honors Glasset 


Alfred T. Glasset, prominent engi- 
neer and builder, recently was awarded 
the Silver Stein Award for outstanding 
leadership to his alma mater, the 
Massachusetts Institute of Technology. 
He is currently president of the In- 
dustrial construction firm of W. J. 
Barney Corp., Groton, Conn. 


Skilken establishes 
two branch firms 

The Skilken Co., Columbus, Ohio, is 
a new corporation organized to sell the 
combined services of the Morris Skil- 
ken Construction Co., Inc., and the 
recently formed Skilken Engineering 
Associates. 

Morris Skilken will head the new 
firm and will also serve as president 
of the construction firm. The new divi- 
sion of the company, Skilken Engi- 
neering Associates, will be headed by 
B. Lee Skilken, vice-president. 


Third Printing! 


This valuable handbook provides 
Reinforced Concrete Designs 
worked out to the latest A.C.l. 
Building Code. Send check or 
money order today for 1959 copy. 


Prepared by the Committee 
on Engineering Practice 


CONCRETE REINFORCING STEEL INSTITUTE 
38 S. Dearborn St. (Div. J), Chicago 3, Illinois 
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Mil-Wis Construction Co. conceived a unique use of Acrowspan adjustable hori- 

zontal shoring (ordinarily used to support formwork and scaffolding) in placing 

a bridge deck on the Milwaukee Expressway. The units were made into a mov- 

able bridge screeding device 45 ft long. Planks, 2 x 14 in., were nailed to the 

top of the beam from which the finishers operated the longitudinal bull floats. 
The units rested on pipe supported on the deck panels 


Spring Creek 
power conduit construction 


Invitations were issued recently to 
contractors to bid on construction on 
the Spring Creek power conduit on 
the Central Valley project in northern 
California, according to Grant Blood- 
good, assistant commissioner and chief 
engineer of the Bureau of Reclamation. 

The conduit is to be constructed on 
the project’s Trinity River Division 
near Redding. The contractor awarded 
the contract for the conduit will be 
allowed 975 days to complete construc- 
tion. Bids are to be opened May 5 by 
the Bureau’s project construction engi- 
neer at the Trinity River project office, 
Lewiston, Calif. 

The conduit, including a 17-ft diam- 
eter, 3100 ft long siphon, will have a 
total length of about 3 miles. It will 
comprise two 18.5-ft diameter tunnels, 
one 8200 ft long and the other 4400 
ft long. Major quantities for construc- 
tion include 181,000 cu yd of excavation 
for the tunnels, 350,000 cu yd of ex- 
cavation in open cut, 149,000 cu yd of 
excavation for the siphon, 60,000 cu yd 
of concrete and 4,000,000 lb of rein- 
forcing steel for the tunnel linings, and 
4,500,000 lb of permanent steel sup- 
ports. 


The tunnels and siphon will operate 
under pressure and have a capacity of 
3600 cu ft per sec. The siphon will be 
constructed either as a steel-lined con- 
crete structure or as a_ plate-steel 
conduit. For the first alternative, there 
is required 2,000,000 lb of steel-plate 
liner, 4,500,000 of reinforcing steel, and 
10,000 cu yd of concrete. The second 
alternative for the siphon will require 
7,000,000 Ib of plate steel. 

Spring Creek power conduit will be 
the final link in the 14 mile long tun- 
nel system conveying water from the 
Trinity River watershed to the Sacra- 
mento River watershed. The conduit 
will convey water from the division’s 
Whiskeytown reservoir to the Spring 
Creek powerplant; both features are 
planned for early construction. Water 
discharging from the powerplant will 
enter the existing Keswick reservoir 
on the Sacramento River. 


Hawley named vice-president 


Alton J. Hawley has been named 
vice-president in charge of industrial 
construction contracts for Fletcher- 
Thompson, Inc., New York. 

Mr. Hawley joined the firm in 1928, 
immediately after graduation from 
Pratt Institute. For the past 5 years, 
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Mr. Hawley has concentrated on mod- 
ern industrial designs and one of the 
firm’s latest projects is the Syracuse 
Industrial Park, consisting of 160 acres 
located at Syracuse, N.Y., where 
Fletcher-Thompson’s staff planned 
buildings for such companies at this 
development as General Electric, 
Pepsi-Cola, Graybar, Continental Can, 
Nichols Business Machine, and White- 
head Metal Products, plus many others. 


A proponent of the tilt-up method of 
concrete construction, Mr. Hawley has 
helped pioneer this process throughout 
the East. He has lectured and written 
extensively on the subjects of precast 
concrete and tilt-up construction. 


Alpha announces 
three promotions 


Alpha Portland Cement Co., Easton, 
Pa., has promoted three men to newly 
created and financial posts. 


James I. Maguire has been appointed 
director of management services; Victor 
W. Anckaitis, director of property man- 
agement; and Robert E. Hartmann, 
controller. 


Withey joins 
Crane staff 


Norman H. Withey recently joined 
Carl C. Crane, Inc., consulting engi- 
neering firm in Madison, Wis., to work 
largely on a special branch of consult- 
ing service — concrete technology and 
engineering. His work will include 
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concrete mix proportioning and control 
testing for concrete products manu- 
facturers, and review of the concrete 
and masonry portions of specifications 
and plans for architects, engineers, or 
contractors. 


Electrical precipitation seminar 
scheduled at Pennsylvania State 


The Pennsylvania State University’s 
annual Electrical Precipitation Seminar 
is scheduled for June 14-19. 


The program is designed for engi- 
neers in the public utilities and the 
cement industry, as well as for other 
industries concerned with the installa- 
tion of electric precipitation equipment 
for smoke and dust abatement. 

The seminar will include a_ study 
of basic principles, including the nature 
of dust particles, the electrical charg- 
ing of particles, the collection and 
removal of charged particles, and air 
pollution control. 


Vranich forms 
consulting firm 


Formation of the consulting engi- 
neering firm of Emil F. Vranich and 
Associates, Inc., has been announced 
by Emil F. Vranich, formerly president 
of Collings-Vranich and _ Associates, 
Inc., which has terminated practice. 
The firm will headquarter in Milwau- 
kee rendering consulting services to 
architects and industry throughout the 
Milwaukee and Wisconsin areas. 
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Zonolite names Grimm 
to Chicago post 


Clayford T. Grimm was recently ap- 
pointed manager of the architectural 
and engineering products department 
of Zonolite Co., Chicago. Mr. Grimm 
joins Zonolite after 10 years as assistant 
director of engineering and technology 
at the Structural Clay Products Insti- 
tute, Washington, D.C. 


Krasnick named 
Switzer distributor 


Max A. Krasnick of San Diego has 
been named exclusive distributor in 
the San Diego County of Switzer panel 
products for building construction. The 
company manufactures a modular wall 
unit of lightweight, precast concrete 
suitable for bearing or nonbearing 
walls in all types of structures. 


Wing opens consulting 
engineering office 


Wayman C. Wing has opened his 
consulting engineering office in New 
York City. Formerly an associate of 
Seelye, Stevenson, Value and Knecht, 
New York consulting engineers, he is 
a registered engineer in New York, 
California, and Pennsylvania. During 
the past 12 years with the Seelye firm, 
Mr. Wing was in charge of the struc- 
tural design of a number of major 
projects. 


Marsh named president 
of Permanente Cement 


Wallace A. Marsh is the newly ap- 
pointed president and chief executive 
officer of Permanente Cement Co., 
Oakland, Calif., and its subsidiaries, 
including Kaiser Gypsum Co., where 
he began his career in 1937 as a sand 
and gravel salesman. 

Mr. Marsh, a former California state 
highway engineer, became general 
manager of Permanente in 1949 and 2 
years later was elected vice-president 
of the company. 
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LOOKING AHEAD 


May 4-8, 1960 — Cleveland 

Convention, American So- 
, ciety of Civil Engineers, Hotel 
; Cleveland, Cleveland, Ohio 


May 5-6, 1960 — Structural 

' Mechanics Conference, 
American Society of Civil 
Engineers, Purdue University, 
Lafayette, Ind. 


May 20-29, 1960—Pan Amer- 
ican Highway Congress, Bo- 
gota, Colombia 


May 30-June 4, 1960—An- 
nual Meeting, Concrete Re- 
inforcing Steel Institute, The 
Greenbrier, White Sulphur 
Springs, W. Va. 


May 30-June 5, 1960—Fourth 
Congress, International Com- 
mission on Irrigation and 
Drainage, National Syndicate 
Headquarters, Madrid, Spain 


June 16-22, 1960—Third In- 
ternational Congress of Pre- 
cast Concrete Industry, Sankt 
Erikshallen, Stockholm, Swe- 
den 


June 20-22, 1960—FIP-RILEM 
Symposium on _ Injection 
Grout for Prestressed Con- 
crete, Norges Tekniske Hogs- 
kole, Trondheim, Norway 


June 20-24, 1960 — Annual 
Meeting, American Society of 
Engineering Education, Pur- 
due University, Lafayette, 
Ind. 


June 26-July 1, 1960 — An- 
nual Meeting and Apparatus 
Exhibit, American Society for 
Testing Materials, Chalfonte- 
Haddon Hall, Atlantic City, 
N. J. 


June 27-July 1, 1960—Sixth 
Congress, International Asso- 
ciation for Bridge and Struc- 
tural Engineering, Stockholm, 
Sweden 


July 10-22 and July 24-August 
5 — Engineering Seminars 
on Atomic Shelters, Penn- 
sylvania State University, 
University Park, Pa 


July 11-18, 1960 — Second 
World Conference on Earth- 
quake Engineering, Science 
Council of Japan, Tokyo and 
Kyoto, Japan. 


July 17-21, 1960—RILEM In 
ternational Symposium = on 
Concrete and Reinforced 
Concrete in Hot Countries, 
Israel Institute of Technolo- 
gy, Haifa, Israel 


Aug. 15-26, 1960 — Summer 
Institute on Nondestructive 
Testing, Sacramento State 
College, Sacramento, Calif. 


Sept. 27-30, 1960 — 6th An- 
nual Convention, Prestressed 
Concrete Institute, Statler- 
Hilton Hotel, New York, 
N.Y. 


Oct. 10-13, 1960 — American 
Mining Congress, Metal Min- 
ing and Industrial Minerals 
Convention and Exposition, 
Las Vegas, Nev 


Oct. 31-Nov. 1-2, 1960—13th 
Regional Meeting, American 
Concrete Institute, Pioneer 
Hotel, Tucson, Ariz. 


Nov. 3-4, 1960—Annual Meet- 
ing, National Slag Associ- 
ation, Hotel Mayflower, 
Washington, D.C. 











NEWS LETTER 








FELIX CANDELA says: 

“| have examined carefully your preliminary draft on the Ultimate Design Column Tables and 
have found it extremely helpful and interesting . | believe both professions of architect and 
engineer will be most grateful to you when you publish these tables.” 


EDUARDO TORROJA says: 


“| hope your book of Column Tables will enjoy the merit it deserves.” 
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75 Column Sizes 
7 Square-RECTANGULAR-Round 
22 ap 4 Material Combinations 
8,568 Different Columns 


Loads to over 1300 kips for 
Rectangular, 2600 kips for Round 
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- . V ctues based on AC 318-56 
other aren gerents we mere econem.ce oon eon 


“Save time and get Better Design... 


HERE AT LAST! Your column designs completely worked out for all combinations of loads and 
bending for column sizes you need. Full benefits of Ultimate Strength design—simple as A-B-C. 
Many practical helps from start to finish of design are in this book. Save hours of design 
time . . . get better architectural and structural design. 

Especially prepared for 


the Practicing Architect 


REINFORCED Conacanve 


COLUMN TABLES : and Engineer... 


VUTIMATE STRENGTH DESIGN 


10-DAY FREE TRIAL OFFER 


Keep this book for 10 days if 
you’re not convinced of its potentia 
value, simply return it, and pay post 
age only Should you decide to keep 
it, either send your check for the 
$15.00 on the accompanying invoice 
and we pay postage; or we wil! OC 
15.0 plus the postage 


order this 
money-saving 


POSTPAID _weawcemssnen 7 x book today! 


HUGH F. FENLON * Cunsuddine Engineer 
424 Mortgage Guarantee Bldg. ¢ Atlanta, Georgia 
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Freeman to manage Master 
Builders Seattle office 


The Master Builders Co., Cleveland, 
have announced the appointment of 
Don W. Freeman as manager of their 
new branch office in Seattle. Mr. Free- 
man joined the organization in 1956. 


Argue elected president 
of Stone and Webster 


Fred W. Argue was recently elected 
president of Stone and Webster Engi- 
neering Corp., Boston. Mr. Argue 
joined the firm in 1941 after more than 
20 years in the fields of power plant 
operation and engineering education. 


FORNEY 


JOB-SITE CONCRETE 
TESTER FT 20-E 


CONFORMS TO 
ASTM STANDARDS 


OPERATES ELECTRICALLY 
OR MANUALLY 


PERMANENTLY MOUNTED 
ELECTRIC PUMP 


250,000 LB. LOAD RATING FOR 
CYLINDERS, CORES, BLOCKS, 
BEAMS, CUBES, BRICK AND 
DRAIN TILES 


FORNEY’S, INC. 
TESTER DIVISION + BOX 310 
NEW CASTLE, PA., U.S.A. 


CONCRETE INSTITUTE May 1960 


1960 ASTM Committee Week 


Over 1400 engineers and scientists - 
second largest attendance in the history 
of the American Society for Testing 
Materials “Committee Week’ — par- 
ticipated in committee work sessions 
during the week of February 1 in 
Chicago. In 5 days, 35 of the society’s 
technical committees held 351 meetings 
of subcommittees and working groups. 
ASTM Committee C-12, Mortars for 
Unit Masonry, and Committee C-15, 
Manufactured Masonry Units, were 
among the main technical committees 
which met. 


Wolfert joins Quick-Way 


Paul J. Wolfert has been appointed 
director of sales for Quick-Way Truck 
Shovel Co., Denver. Before joining the 
firm, Mr. Wolfert was sales manager 
of Fairfield Engineering Co.’s Standard 
Products Division at Marion, Ohio. 


Mayer assumes AED presidency 


Herbert J. Mayer, executive vice- 
president of Western Machinery Co. 
and general manager of Edward R. 
Bacon Co., both in San Francisco, has 
been named president of Associated 
Equipment Distributors. His appoint- 
ment followed the untimely death of 
Jewel A. Benson, who less than a 
month earlier had taken the oath of 
office as the association’s president. 

At the same time, Richard F. Newlin 
of Newlin Machinery Corp., Kansas 
City, Kan., was inducted as AED senior 
vice-president. 

In a special appointment by the 
board of directors, John R. Borchert 
of Borchert-Ingersoll, Inc., St. Paul, 
was named a vice-president. Other 1960 
officers of AED include: Braxton 
Blalock, Jr., Blalock Machinery and 
Equipment Co., Atlanta, vice-president; 
R. Boyd Somerville, Ontario Supply 
and Equipment Ltd., Toronto, Ont., 
Canada, vice-president; and W. R. 
Parnell, Construction Machinery Corp., 
Shreveport, La., treasurer. 
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McCalley joins KAPL staff 


Robert B. McCalley, Jr., has joined 
the staff of Knolls Atomic Power 
Laboratory as a consulting engineer 
in the SAR (Submarine Advanced 
Reactor) Project. 

KAPL, in Schenectady, N.Y., is oper- 
ated by General Electric Co. for the 
Atomic Energy Commission. SAR is 
engaged in the development of long- 
life reactor cores for the Navy’s atomic 
submarine fleet. The project was orig- 
inally started to design and develop 
twin reactors for the huge nuclear 
submarine, Triton, commissioned last 
November 10. SAR is still responsible 
for operation of the prototype reactor, 
located at KAPL’s West Milton site, 
and for procurement of the second fuel 
loading for the Triton. 

For the past 2 years, Dr. McCalley 
has been employed by the AEC as a 
supervisor of a fundamental research 
program in problems of reactor con- 


New book tells 


Where... 
How... 


to place reinforcing bars 





tainment. From 1955 to 1958 he worked 
in stress and vibration analysis for 
nuclear reactor components at KAPL. 


Engineering group 
honors Holcomb 


Glenn W. Holcomb, head of the de- 
partment of civil engineering at Oregon 
State College, Corvallis, was recently 
chosen “Oregon Engineer of the Year” 
by the professional engineers of Ore- 
gon. 


Rand appointed to 
Form-Crete sales staff 


The Florida Division of Food Ma- 
chinery & Chemical Corp. has an- 
nounced the appointment of Richard G. 
Rand as Form-Crete sales engineer for 
the northeastern territory. Mr. Rand 
will make his headquarters in Bristol, 
Conn. 


Written for bar setters and inspectors... 
as a manual for apprentice courses ... 
and a reference for specification writers, 
architects, engineers, and detailers. 

Contains complete specifications and in- 
structions for placing reinforcing bars, 
welded wire fabric, and their supports. 


87 PAGES 
HANDY POCKET SIZ} 


$300 


(O.D.or 


Prepared under the 
direction of the 
C.R.S.I. Committee 
on Engineering 
Practice. 
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Point System 


Honor Roll 


January 1-March 31, 1960 


In the past 3 months more than 150 members 
have added their names to the ACI Honor Roll. 
Why don’t you introduce a new member to the 
Institute next month and keep our membership 
trend spiralling? 

Alfonso Marin E. 
Samuel Hobbs 
Harry Elisberg 
Faraj Tajirian 
Gene M. Nordby 
Walter H. Price 
Joaquin Spinel L. 
Robert P. Witt 


1 point for Student; 2 points for Junior; 3 


| points for Individual; 4 points for Corpora- 
| tion; and 5 points for Contributing. 


Arturo Guevara 

T. C. Kavanagh 
James A. McCarthy 
Jose Luis Montemayor 
George B. Southworth 
J. Raymond Watson 
Pedro M. Bassim 

W. S. Cottingham 
John E. Heer, Jr 
Antonio A. Henson B. 
J. Karni 

J. F. Toppler 
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Felix Colinas Villoslada 
John G. Dempsey 
Ward W. Engle 
William W. Karl 
Joe W. Kelly 
Narbey Khachaturian 
Henry A. Lepper, Jr 
Pastor B. Tenchavez 
John Adjeleian 
Amos Atlas 
Salvatore Azzaro 

J. E. Backstrom 

Ira M. Beattie 
George B. Begg, Jr 
M. R. Berretti 

Dan E. Branson 
Martin R. Brown, Jr 
Allen H. Brownfield 
Vincent R. Cartelli 
Alan Carter 

Fong C. Chen 

Roger H. Corbetta 
G. L. Cubbison 
Ramzi A. Dabbagh 
Fernando de Angulo 
H. C. Delzell 

H. J. Dickinson 
Marco Estrada 
Arthur Feldman 
Benjamin P. Felix 
Phil M. Ferguson 

R. J. Fisk . ; 
Russell S. Fling 
Frank D. Gaus 

Hans Gesund 

H. J. Gilkey 

Fabian Guerra 
Norman E. Henning 
Roy Holte 

Robert H. Hopwood 
G. M. Idorn 

Robert J. Kadala 
Karl Kaspin 

Clyde E. Kesler 
Milo S. Ketchum 
F. R. Killinger ... 
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John C. King 
Arthur A. Klein 

E. V. Konkel 
William J. Krefeld 
Simon Lamar 

L. R. Lauer 
Howard Losey, Jr 
John C. McCoe 

W. J. McDonald 
John M. McNerney 
M. F. Macnaughton 
Luis F. Magrina 
Roman Malinowski 
E. M. Markell 
Ignacio Martin 

N. D. Morgan 

W. E. Moulton 
Poul Nerenst 
Gregorio Ortega 
William E. Parker 
John D. Paterson 
T. Paulay . 

Adrian Pauw 

E. A. Peterson 

H. C. Pfannkuche 
Russell Porter 

Z. Przygoda : 
Frank A. Randall, Jr. 
Abdur-Rahman S. Rasul 
Ilmar Reinart . 
Salvador Rodriguez 
Howard J. Rosenberg 
H. Rusch 

R. S. Sandhu 
Herbert A. Sawyer, Jr 
Cc. H. Scholer 
Morris Schupack 
H. M. Schwartz 
Harold J. Sexton 
M. F. A. Siddiqui 
A. L. Small .. 
John D. Smith 

S. Szalwinski 

F. K. Taskin 

J. Antonio Thomen 
Alex Tobias . 
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D. A. Van Horn 

Ellis S. Vieser 

Sam Walden 

Carl Weber 

R. H. Wildt 

Cedric Willson 

J. A. Wineland 

Mark R. Woodward 

Milton H. Zara 

Jayantilal S. Alagia 

Arthur H. Andersen 

Charles O. Baird, Jr. 

John E. Bower 

D. Campbell-Allen 

Francisco Castano 
Hernandez 


Guillermo Castellanos G.. 


M. H. Chapman, Jr 

Clayton M. Crosier 

Graham Earle 

G. Grenier . 

Martin J. Gutzwiller 

Robert B. Harris 

Gregorio Hernandez 

William W. Hotaling, Jr 

Raja A. Iliya 

Fred W. Jacobs 

Ralph F. Jones 

Howard R. May 

Abel Moreno 
Przespolewski 

R. R. Neal 

Carlos Luis Nebreda 

Carlos Isunza Ortiz 

Raoul E. Pallais 

Gerald F. Paulson 

Roberto E. Prata Lou 

Luis G. Restrepo S. 

Walter D. Rudeer 

Ingvar Schousboe 

C. B. Gee... 

E. C. Sword . 

Rogelio Bonilla Torres 

Leon A. Yacoubian 

Roger M. Zimmerman 

Antonio Zuniga Ayala 
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NO OTHER DEVICE EVER DEVELOPED 
FOR THE PREPARATION OF POURED 
CONCRETE SLABS COULD EVER MAKE 


These Proven Claims... 


@ TRACTORING MAKES WORKABLE SURFACE... FAST 
Longer contact with mix puts coarse aggregate down 
until “fines” rise around and above 


TRACTORING ENDS WADING IN THE MIX 
Because you “tamp” a large area with an easy push- 
pull motion, jitterbugging goes many times faster. 


TRACTORING “LIBERATES” ONE MAN 
Since it’s so easy to use, you can use your jitterbug 
man for many other jobs besides tamping 


TRACTORING MAKES NEW TEXTURES POSSIBLE 
New textures and new traction surfaces available with- 
out costly preparation 


CRAWLING JITTERBUG ® 


CONCRETE TRACTOR MEANS BETTER CONCRETE 
IN LESS TIME... AT LOWER COST! 


Precision engineered and fully job-proven, the Crawling 
Jitterbug Concrete Tractor consists of 46 parallel steel rods, 
each 35” across, operated by gear-driven sprocket chain. 
Easily operated by one unskilled man, without fluctuation 
in performance caused by fatigue! Completely assembled, 
with 12-foot sectional handle, ready to use on the job. 
Complete, $97.50, FOB Factory in Kansas City. Or write 
for FREE descriptive booklet on this sensational new ma- 








roved 


LT 4;; 








of u 
aggregate 
tch blade 


FREE Booklet describes new method completely—provides facts 
and specs on this great machine! Write for your copy, today! 
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The Board of Direction approved applications 
in the following categories: 127 Individual, 12 
Corporation, 18 Junior, and 22 Student, making a 
total of 179 new members. Considering losses 
due to deaths, resignations, and nonpayment of 
dues, the total membership on Apr. 1, 1960, was 
10,253. 


INDIVIDUAL 


AHMED, Mirza Niaz, Lahore, Pakistan (Sr. 
Draftsman, Batala Engrg. Co., Ltd.) 

ALLEN, ALFRED K., Montgomery, Ala. 
Pres. & Mgr., Heavy Constr. Div., 
Brothers Constr. Co.) 

Amazon, E., Del City, Okla. (Struct. Engr., 
Capehart Corp., Dynamic Electronics Div.) 

ANCIzZAR-DuUQUE, MANUEL, Bogota, Colombia 

Ax, CLarence H., St. Louis, Mo. (Pres., Clar- 
ence H. Ax Constr. Co.) 

Ayres, Georce H., Wallingford, Conn. 
Pres. & Mgr., Wallingford, Conn. 
Office) 

Bako, Joun E., San Francisco, Calif. 
Engr.) 

BALLESTEROS, PoxFrr1o, Monterrey, N. L., Mex- 
ico (Research Prof., Technologico de Mont- 


errey) 
Banciu, V. Mircea, Berkley, Mich. 
P. a 


Engr., Giffels & Rossetti) 
Basora, Jose L., Rio Piedras, 

Designer, Reed, Basora R er 
Beatty, JoHN M., bingy Rae (Prof., Struct. 
Engrg., Rensselaer baie Institute) 
BEAUCHAMP, J. C., Ottawa, Ont., Canada (Prof. 

of Strength of Matls., Ottawa Univ.) 
BEERMAN, Ricwarp, Sonora, Calif. (Megr., 
— Plant, Tuolumne Transit Mix, 
ne. 
BEREZNICKI, JOSEPH STANLEY, Edmonton, Alta., 
— (Proj. Engr., Universal Constr. Co., 
») 

Besier, Rupotpn F., Denver, Colo. 
Ketchum, Konkel & Hastings) 
Brocco, NicHoLtas, Camden, N. J. 

Engrg. Co 
BozEMAN, Rosert L., Baton Rouge, La. 


Contr.) 

Branpys, Georce, Don Mills, Ont., Canada 
(Struct. Engr., Alex Tobias & Assocs., Ltd.) 

Brooks, Boyp S., Coronado, Calif. (Force C.E., 
Cdr., Naval Air Force, Pacific Fleet) 

Capy, Pum Date, Aruba, Netherlands An- 

tilles (Engr., Lago Oil & Transport Co., 
) 
CarTER, CARROLL L., Macon, Ga. (Est., 
Chris R. Sheridan & Co.) 

CasTLe, Lewis N., Des Moines, Iowa 
Supv., Garmers & Stiles Co.) 

CHAN, CHARLES Sal-1p, Dearborn, Mich. (Struct. 
Engr., Giffels & Rossetti) 

Coneso, Gustavo, San Jose, Costa Rica (Cons. 
& Techn) 

Conway, Georce O., Jr., Philadelphia, Pa. 
(Conc. Cons. & Constr. Engr., Ambric Test- 
ing & Engrg., Assocs., Inc.) 

Conyers, A. i. Gainesville, Fla. (Research 
Asst., Dept. of Civil Engrg., Univ. of Fla.) 
Corzo- Ropricuez, Arturo R., Caracas, Vene- 
zuela (C. E., Constructora Baldeschi S. A.) 
Daum, ARVIN S. Los Angeles, Calif. (Est., 

Morrison-Knudsen Co., Inc 

DEL VILLAR, GABRIEL FERRER, Ensenada, Lower 
Calif., Mexico (C. E.) 

DESENTIS, ALronso, Mexico, D. F., Mexico 
(Arch., Tecnocreto S. A.) 

DoLtaR-MANTUANI, LupmILA M., Toronto, Ont., 
Canada (Petrographer, Hydro-Electric Pow- 
er Comm. of Ont.) 


(Vice- 
Blount 


(Vice- 
Lab & 


(Struct 


(Struct. 
(Struct. 


(Assoc., 
(Blauvelt 


(Gen. 


Engr., 


(Constr 
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Donovan, Dante K., Bethesda, Md. 
Engr., Larsen Prods. Corp.) 

Dunn, E. S., Greensboro, N. C. 
Ready-Mixed Concrete Co.) 

Enceten, T. A., Springfield, Minn. 
Supv., The Engelen Corp.) 

FaveLa Lozoya, FERNANDO, Teziutlan, 
Mexico (Gen. Supt., Apulco Project., 
nieros Civiles Asociados, S. A. De C. 

Frer, W. A. H., Hamilton, Ont., Canada 
ig: ~ ag Wagner McCarger & Filer Ltd.) 

Forcy, Dee, San Antonio, Tex. (Owner, Forgy 
Constr. Co.) 

Funs, Rosert P., Laramie, Wyo. 


(Research 
Mgr., 


(Constr. 


(Pit. 


Pue., 
ynee- 


(Stud., Univ 


Flushing, N. Y. (Assoc 


lO.) 
Ricwarp J., 


Dallas, Tex. (Est., Tecon 


Ropotro J., Caracas, Venezuela 
(C. E., Creole Petroleum Corp.) 
GuaseR, Maurice, Bayside, N. Y. (Constr 

Supt., Okun Fireproof Constr., Inc.) 

GoLpMAN, Perry J., Philadelphia, Pa. (Chf 
Engrg. & Constr. Mgr. P. J. Goldman 
Constr. Co.) 

Gomez, Rop J., Tucson, Ariz. (Struct. Engr., 
Terry Atkinson, Arch.) 

Grant, N. T., Birmingham, England (Chf 
Tech. Officer, Ready Mixed Concrete (Mid- 
lands) Ltd.) 

Grote, Leroy E., Ore. 
Cinder Hill Co.) 

Harris, VeRVIN D., East Orange, N. J. 
Designer, Electric & Gas Co.) 

Harvey, Smras Cart, Cucamonga, Calif 
Contr.) 

Hunt, A. W., 
Steel Corp.) 

Hunt, THEoporRE W., Chicago, Ill. (Engr., PCA) 

Jazwinski, JAN, Detroit, Mich. (Sr. Struct 
Engrg., Squad Leader, Giffels & meee 

JENKINS, FrANcIs E., Jamestown, N. (C. E.) 

KNECHT, CLARENCE w.., St. estahsens Beach, 
Fla. (Chf. Engr., Misener & McEvoy, Inc.) 

Krautz, Kevin, Albury, NSW, Australia 
(Contr.) 

Lazar, Danie, M., New York, N. Y. 
Cayuga Constr. Corp.) 

LIEBERMAN L., Leopotpo, Mexico D. F., Mex- 
ico (Working Mgr., Planificacion y Con- 
struccion, S. A.) 

LinBEcK, ALBERT J., Houston, Tex. 
O’Rourke Constr. Co.) 

Lirtte, James R., Aurora, IIl. 
E. Little & Son, Inc.) 

Liv, CutH-yvuan, Denver, Colo. (C. E., Constr. 
Div., Taiwan Prov. Water Cons. Bur.) 

Martin, Joun H., Hannibal, Mo. (Owner, Mar- 
tin Constr. Co.) 

Mascaro, Peter J., Pittsburgh, Pa. 

Peter J. Mascaro Co.) 

Mason, GERALD P., Toronto, Ont., Canada (Chf 
Struct. Engr., A. D. Margison & Assocs.) 

MatTeseck, T., Waseca, Minn. (Prestressed 
Conc. Engr., Wells Conc. Prods. Co.) 

McEacuran, JAMEs M., Alpena, Mich. 
Mgr., Elastizell Corp. of America) 

McGovern, Paut, Oakland, Calif. (Sales Rep- 
res., National Expansion Joint Co.) 

McKee, Dean C., Baton Rouge, La. 
Prof. & Struct. Engrg., 
Univ.) 

McMicnaet, J. W., Jr., Tulsa, Okla. 
Pres., McMichael Concrete Co.) 
MEEHAN, JOHN FRaNcIS, Sacramento, Calif 
(Research Dir., State of Calif., Div. of 

Arch.) 

Meurinc, CLINTON W., Quito, Ecuador (Office 
Engr., Cumbaya Proj., R. J. Tipton Associ- 
ated Engrs., Inc.) 

MERRILL, KENNETH F., St. Paul, Minn. 
Vice-Pres., Swedish American 
Inc.) 

Merritt, FrepertcK S., Syosset, 
Editor, Engrg. News-Record) 

MIL_er, Emory S., Baltimore, Md. 
of Constr., Lardner & Wich, Inc.) 


Prineville, (Owner, 
(Struct 

(Bldg 
Wanatah, Ind. 


(Engr., Midwest 


(Exec., 


(Vice-Pres., 


(Sec.-Treas., 


(Megr., 


(Sales 


(Asst. 
Louisiana State 


(Vice- 


(Exec. 
Industries, 


m= Ge 


(Vice-Pres. 
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Mitter, M. K., Walla Walla, Wash. 
Central Engrg., Div., Parent Co.) 
Moore, Rocer D., Kenmore, N. Y. (Engr., Wm. 

W. Kimmins & Sons, Inc.) 

Moy, ArtHuR Y., Detroit, Mich. (Chf. Struct. 
Engr., Dept. of Bidgs. & Safety, City of 
Detroit) 

Murpuy, W. D., Houston, Tex. (Vice-Pres., 
Boring & Tunneling Co. of America) 

J. Kennetu, Pittsburgh, Pa. 


Ind. (Conc. 


(Dir. of 


(Reg. 


WaLterR, Logansport, 
Tech., Wolf Ready Mixed Concrete Co.) 

Nose, Epwarp S., augatuck, Conn. (Exec 
Vice-Pres., W. J. Megin, Inc.) 

OcHoa-D., GUILLERMO, Houston, 
in Trng.) 

O’Keerre, J. D., Galway, Ireland 
Engrg., Univ. College) 

ORELLANA, Victor M., Mexico, 
Engr., Tecnocreto) 

PALMER, JAMES W., Greenup, Ky. (Supv. 
Engrg. Tech., (Matls.) Greenup Locks & 
Dam Proj., Corps of Engrs.) 

PAPINEAU, Donatp T., Chicago, Ill. (Pres., 
Concrete Publishing Corp.) 

PATEL, KHANDUBHAI Dayats1, Chicago, II. 
(Struct. Engr., A. Epstein & Sons) 

PatIn VeELOz, Manvet Bo rtvar, Ciudad Tru- 
illo, D. N., Dom. Rep. (Engr.) 
ECKHAM, JOHN R., Sacramento, Calif. 
Hydraulic Engr., State of Calif., 
Water Resources) 

Pierce, J. B., Stratham, N. H 
Pierce Constr. Co.) 

Prke, Epwarp A., Rochester, N. Y. (Gen. Mgr., 
Ridge Constr. Corp.) 
Pinto, A™mMapo, Manila, 

Federal & City) 

PorRAT, KALMAN, Beer-Sheva, Israel (C. E., 
Distr. Engr., Labor Ministry, Housing Dept.) 

PRIESTER, THOMasS W., Davenport, Iowa (Constr. 
Engr.) 


Tex. (Engr. 
(Prof. Civil 


D. F., Mexico 


(Asst 
Dept. of 


(Gen. Contr., 


Philippines (Engr., 
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Prouty, Frep C., Los Angeles, Calif. (Engr., 
Insp. & Testing Supv., Treas., Smith-Emery 
Co.) 

Purvis, James P., Yardley, Wash. 
Purvis Constr. Co.) 

RassaM, Hormuzo Y., Ypsilanti, Mich. 
Stud., Univ. of Mich.) 

Renrrow, JamMeEs C., San Antonio, Tex. 
Engr., C. A. Logeman Co.) 

REYNOLDS, FRANK B., Fitchburg, Mass. 
Supt., Wiley & Foss, Inc.) 

Riorpan, M. B., Long Beach, Calif. (Vice- 
Pres., Engrg. & Dev., B. J. Service, Inc.) 
ROSENBLATT, LEONARD, Woodmere, L. I., N. Y. 
(Sales Engr., Sonneborn Chemical & Re- 

(Part- 


fining) 
Ryserc, Eric C., Salt Lake City, Utah 
ner, Constr. Supv., Garff, Ryberg & Garff) 
Sanouu, R. S., Sr., Ludhiana, Punjab, India 
(Assoc. Prof., G. N. Engrg. College) 
Scuarrer, Erwin A., Milwaukee, Wis. (Constr, 
Supv., Struct. Engr., Insp., Eschweiler & 
Eschweiler, Archs.) K 
y. 


(Owner, 
(Grad. 
(Est., 


(Gen 


Scnoettter, F. W., Louisville, 
Struck Constr. Co., Inc.) 

ScHOOLNIK, ALBERT, Hartford, 
Louis Schoolnik Constr. Co.) 

Scuraper, R. A., Portland, Ore. (Pres., Schrad- 
er Constr. Co.) 

ScHutter, W. C., Milwaukee, Wis. 
Est., Woerfel Corp.) 

SHERMAN, Ropsert H., Augusta, Ga. (Supt., 
Claussen Concrete & Bidrs. supply Co.) 

Surets, T. D., Austin, Tex. (Distr. Engr., PCA) 

Suuttz, Roserr J., Glendale, Calif. (Supv. 
Engr., Corps of Engrs., Los Angeles Distr.) 

Stvers, W. C., Portland, Ore. (Pres., W. C 
Sivers Co.) 

SmirH, Dennis B., Jr., Huntington Beach, 

(Sr. Constr. Insp., City) 

Situ, M. W., Akron, Ohio (Engr., 
of P. & T. Constr., Ohio Edison Co.) 

SmotynN, Joun, Ottawa, Ont., Canada 
man, Master Blidrs. Co. Ltd.) 


(Pres., 


Conn. (Mgr. 


(Constr. 


Charge 


(Sales- 


_ the beginning of BU tron 
STOP IT NOW... 


RESTORE CONCRETE SURFACES 


other Western services 
© TUCKPOINTING 
e BUILDING CLEANING 
e SUB-SURFACE WATER PROTECTION 


with SHOTCRETE* 


Spalled concrete generally results from 
oxidized reinforcing rods. Unless decay is 
halted, serious structural weakness and huge 
repair bills will result. 


With shotcrete, skilled Western techni- 


cians can restore disintegrated concrete 
structures to original soundness and strength. 
All work done under contract, fully insured 
and guaranteed. No materials for sale. 


* Universally accepted term for pneumatically - placed mortar. 


, ~ 
MES TERN 
\__/ ATERPROOFING CO., Inc. 
TTTT TT til? mt) ty hee 


Engineers and Contractors » 1223 Syndicate Trust Bldg. » St. Louis 1, Mo 
NATION WHIOE a a oe ee oe 
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STrevenson, GLEN O., Salem, Ore (Owner, 
Stevenson Rock Prods. Co.) 

STOCKWELL, Jog, Cincinnati, Ohio (Partner, 
Engr., Elliston-Hall-McAllister & Stockwell) 

Suypam, James L., Montgomery, Ala. (Gen 
Supt., Blount Brothers Constr. Co.) 

Swett, E. D., Pembroke, N. H. (Owner, 
Treas., E. D. Swett, Inc.) 

TETREAULT, Emit A., Farmington, Mich. (Chf 
Engr., Cadillac Asphalt Paving Co.) 

Uycur, Vurat, Lincoln Park, Mich. (Struct 
Engr., Giffels & Rossetti, Inc.) 

Viatas, DemMetrRES ANTONIO, Philadelphia, Pa 
(Struct. Engr., U. S. Army Corps of Engrs.) 

Wanc, CHEN Hwa, Columbia, Mo. (Research 
Asst., Univ. of Mo.) 

WetrL, L. E., Yankton, S. D. 
Constr. Co.) 

WINANS, CLARENCE H., Linden, N. J 
Gen. Mgr., Winans Contracting Co., 

Wu, Joseru C. C., Allen Park, Mich. 
Engrs., Giffels & Rossetti, Inc.) 

Wu, Tze Sun, Detroit, Mich. (Assoc 
Civil Engrg.) 

Younc, James A., 
Engr.) 

ZONEW, STEFAN, Maracaibo, 
Engr., Conticca Engrg.) 


(Partner, Welfl 


(Pres., 
Inc.) 
(Struct. 


Prof. of 


Hollywood, Fla. (Struct 


Venezuela (Res 


CORPORATION 


O. W. Burke Co., Detroit, Mich. (O. G 
Sharrar) 

GEROMETTA Constr. Co., Inc., 
ert K. Gerometta, Pres.) 
WILLIAM H. Git, Jr., Inc., Primos, Del. Co., 

Pa. (William H. Gill, Jr., Pres.) 

McLatn Constr. Div., Olsker-McLain Indus- 
tries, Inc., Kenmore, N ’. (Harold W 
Ford, Engr.) 

ROBERT PALMER CoprpP., Barbara, Calif 
(T. W. Cottom, Gen Problem Solu- 
tion Div.) 

S. Pattr Constr. Co., Kansas City, Mo 
tore S. Patti, Pres.) 

PRESTCRETE CorpP., Plano, Ill 
sey, Chf. Engr.) 

RIppLE CONCRETE, INC 
J. Ansel, Mgr.) 

W.H. Suretps Co., 
Owner, Mgr.) 

A. Z. Sumina & Sons Co., 
A. A. Shmina, Sec.-Treas.) 

SouLe Steet Co., Los Angeles, Calif. (Charles 
A. Ubigau, Supv., Concrete Reinforcing 
Steel Detailing & Est.) 

TEMPLIN’s, Lakeland, Fla 
lin, Pres.) 


Gary, Ind. (Rob- 


Santa 
Mgr., 


(Salva- 


(John G. Demp- 


, Salina, Kansas (Claude 


Eugene, Ore. (W.H. Shields, 


Dearborn, Mich 


(Herman C. Temp- 


JUNIOR 


Asu-JaBIR, Haypar H., Amman, Jordan (Asst 
Bldg. Constr. Officer, Jordan Arab Army) 

BANNING, Jack O., Tulsa, Okla. (Service Engr., 
Master Builders Co.) 

Burcer, WILLIAM E., Riverdale, II 

CLARK, JOHN M., Jr., Harrisburg, Pa 
Engr., Greenland Contrs.) 

DuNCAN, ANDREW J., Kingston, Jamaica, W. I 
(Mng. Dir., Jamaica Pre-Mix Ltd.) 
GRAHAM, THOMAS EpISON, Knoxville, 

(C. E., TVA) 
GUERRERO, RAFAEL HERNANDEZ, Monterrey, 
Mexico (C. E., I.T.E.S.M.) 
LAKE, JOsEPH DaniEL, Lansing, Mich. (C. E., 
(Asst. Constr 


(Engr.) 
(Struct 


Tenn 


Pas Tt 


Bridge Design, State Hwy. Dept.) 
Lupl, Frepertc R., Boston, Mass 
Mer., George A. Fuller Co.) 
McLAcHLAN, ALEXANDER McDonavtp, Cabramur- 
ra, NSW, Australia (C. E., Kaiser-Perini- 

Morrison-Raymond) 

Mora-Faria, Luis, Mayaguez, P. R. 
Instructor, Dept. of Civil Engrg., 
of Agriculture) 

MUSSELMAN, ALAN M., Warminster, Pa. (Engrg 
Cons., Insurance Co. of North America) 

SanpovaAL L., HERNAN, Cali, Colombia (Water 
Works Mgr., Empresas Municipales de Cali) 


(College 
College 
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SHoop, Davip E., Toledo, Ohio 
Raymond C. Reese) 

SOLORZANO M., Tomas A., Caracas, Venezuela 
>. E., Christiani & Nielsen) 

STICKEL, Witt1am A., Jr., Monroeville, Pa 
(Struct. Engr. (Research) U.S. Steel Corp.) 

THORNE, CoLIn Prerre, Greenacre, NSW, Au- 
Stralia (Student) 

VARGAS-CESANI, CARLOS, 
(Constr. Engr., George 
Engrs. Off.) 


(Struct. Engr., 


Mayaguez, P 
F. Turner, Res 


STUDENT 


ALLEN, THomMas F., Notre Dame, Ind 
Dame) 

ANDERSON, ELIZABETH A., 
(Northeastern Univ.) 
AncoLa, G., C. Caracas, Venezuela 

versidad Central) 
ANNONI, FRANCISCO, Mayaguez, P. R 
of Agric. & Mech. Arts) 
BARRERA, ANTONIO, Bogota, Colombia 
CAMPBELL, CARROLL E., Chico, Calif 
State College) 
CUERONI, ANDREW P Framingham, 
(Worcester Polytechnic Inst.) 
ELZINGA, Paut, Holland, Mich 
FERNANDEZ E., RaFaEL, Guatemala, Guatemala 
GHILARDI, RONALD, Champaign, Ill. (Univ. of 
Ill.) 
HOHMANN, JOsEPH C., Jr., West Roxbury, Mass 
(Northeastern Univ.) 
IREN, Ercun, Lawrence, 
Kansas) 

Juarez L., ApRIAN, Guatemala, 
(Univ. de Sn Carlos) 

LEAUMONT, WALTER J., Jr., Baton Rouge, La 
(L. S. U.) 

MELENDEZ FLoreEs, Jose MANvueL, Santurce, P. R 
(College of Agric. & Mech. Arts)’ 

Noor, AHMED Kuarry, Champaign, Il 
of Ill.) 

Pastore, Puitie R., Jr., Worcester, 
(Worcester Polytechnic Inst.) 

Putcar, Guipo Ramon, Coro, Falcon, 
zuela (Univ. Central de Venezuela) 

Roura, Vicente A., Caracas, Venezuela (Univ 
Catolica) 

SaRAJOTI, AMPHORN, Worcester, Mass 
ter Polytechnic Inst.) 

Srmpser, Borts, Mexico, D. F., Mexico (Univ 
Nacional Autonoma de Mexico) 
SoL_mMan, Farouk, New York, N. Y 

Univ.) 


(Notre 
Somerville, Mass 
(Uni- 


(College 


(Chico 
Mass 


Kansas (Univ. of 


Guatemala 


(Univ 


Mass 


Vene- 


(Worces- 


(Colombia 





Tools, Materials, Services 


Under this heading note is made of producer 
literature and products of presumed technical in- 
terest to ACI users of tools, equipment, materials, 
accessories, and special services. 





Caulking sealant 


A sealant developed by Grayguard is based 
on Du Pont’s Hypalon synthetic rubber. The 
mastic sealant is said to bond tightly to all 
materials and self-cures to a resilient rubber 
seal. Developer claims that field trials have 
shown the sealant to be applicable for con- 
struction and expansion joints in concrete or 
for tight closure where metals are joined to 
masonry. Retention of whiteness and color 
is one of the attributes cited by the company 

Features of the material cited by the manu- 
facturer are the fact that it doesn’t slump or 
sag, even in wide or deep vertical joints; it 
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works well in hot or cold weather; becomes 
tack-free in about 12 hr.—Grayguard, Inc., PROFESSIONAL CARD 
P.O. Box 1644, Wilmington 99, Del 


Automatic moisture control JACKSON & MORELAND, Inc. 
The Moisture Matic compensator system in- JACKSON G MORELAND INTERNATIONAL, Inc 

dicates, records, and compensates for varia- Engineers and Consultants 

tions in moisture content of both fine and oe ee ae for 

coarse aggregates by making up a liquid Utility, Industrial and Atomic Projects 

counterweight which goes on the scale while a. i ne go 

the aggregates are being weighed. Variations Poin Washington ice dl 

in moisture content are converted to a paral- 

lel variation in air output which in turn 

maintains a flow of water that is directly 

proportional to the moisture in the flowing 

















making block virtually waterproof, says the 
manufacturer 


NDK Laboratories further state that use of 
Plasticizer No. 4 gives better binding qual- 
ities to the aggregate thus avoiding sagging 
and distortion of shapes; also prevents hair- 
line cracks and crumbling corners; makes 
products somewhat lighter in color and gives 
a smoother finish. Sold in concentrated form 
in 55-gal. steel drums.—NDK_ Laboratories, 
6912 West Cedar St., Milwaukee 13, Wis 


Silo stave form 


A special plastering lip has been incorpo- 
rated in a corrugated silo stave form devel- 
oped by O K Manufacturing Co. for use with 
the wet casting method. The lip runs entirely 
around the inside edge of the form and 

aggregates. Photo shows: (1) and (2)—con- makes an indentation in the finished stave 

troller and valve which make up liquid coun- about 1/8 in. deep and approximately 3/8 in 

terweight; (3) and (4)—plastic counterweight wide. When the staves are placed in position 

containers attached to aggregate and water the result is a groove about 3/4 in. wide at 

scales each vertical joint and about 1/4 in. wide at 

Line drawing shows how the unit works 

Rugged probes are mounted on and insulated 

from the aggregate 

weight batcher in such 

a position that they 

sense the moisture in 

the aggregates while 

they are falling from 

the bin into the weigh 

batcher. The meter in- 

stantaneously converts 

changes in the mois- 

ture content of the ag- 

gregates to a directly 

proportional change in liquid counterweight 

flow; it also indicates and records the mois- 

ture content, acting as the nerve center for 

the entire system. Control valve governs the 

flow of water and changes on signal from 

meter. Liquid counterweight is discharged easier plastering and a better seal, the manu- 

automatically while batch is being discharged facturer states. Size of the finished stave is 

Concrete Controls Corp., 1012 E. Geneva 11 x 30 x 2 3/4 in 

Road, Wheaton, Ill 











each horizontal joint. This is an aid to faster 


On the silo door form the lip runs around 
the outside edge. Size of the finished door 


Plasticizer for use in block manufacture section is 30 x 30 x 2 3/4 in. Both sections 


NDK Plasticizer No. 4 has recently been of the door form are prepared for mounting 
introduced for use in molding concrete block on 3/4 in. plywood.—O K Manufacturing Co., 
and other shapes. The product is used in Inc., 2824 22nd Ave., South, Minneapolis 7, 
conjunction with aggregate at time of mixing, Minn 
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Concrete forming system 


The Cam-Lock system, a newly patented 
concrete forming system, has been developed 
by Gates & Sons, Inc. The system embodies 
the use of flexible, inexpensive, forming ma- 

i 5 terials, S4S 2x4’s or 
2x6’s with 4x8-ft ply- 
wood sheets. No rib- 
bing or special hard- 
ware attached to the 
panels is necessary and 
the use of stiff backs 
and walers is actually 
cut in half states the 
manufacturer. The 
Cam-Lock tie allows 

2 i the system to be used 
with either loop-end or button-type ties 
through either holes or slots drilled in the 
panels; walers may be used either vertically 
or horizontally. The Cam-Lock bracket holds 
the 2x4 waler in place by locking to either 
the loop-end or button-type tie through cam- 
ming pressure. Further rigidity of the form 
may be obtained through use of the stiff- 
back cam which is a camming arm that con- 
nects to ears on the back of the Cam-Lock 
bracket locking either a 2x4 or 2x6 in place 
—Gates & Sons, Inc., 80 S. Galapago St., Den- 
ver 23, Colo. 





Literature Available 


Pertinent details on the latest equipment 
and products on the market are available in 


recentiy released literature. Exact titles of 
the booklets and catalogs are indicated in 
capital letters. They may be requested di- 
rectly from the manufacturers listed below 





RECRUITING PRACTICES AND PROCE- 
DURES—A universally applicable guide for 
the recruiting of engineering college gradu- 
ates has been published by the American So- 
ciety for Engineering Education. The 8-page 
leaflet lists in detail recommended practices 
and procedures by employers, colleges, and 
students. Price is $0.10 per copy; $3 per 100 
—American Society for Engineering Educa- 
tion, University of Illinois, Urbana, III. 


EUROPEAN TECHNICAL DIGESTS — 
A monthly compilation of technical innova- 
tions appearing in the technical press 
over Europe. Each month over 1000 technical 
journals appearing in 13 different countries 
and in 11 different languages are searched 
for information on new processes, methods, 
apparatus, or materials which could be readi- 
ly employed in industry. The magazine is 
published by the Agence Européenne de Pro- 
ductivité, an inter-government body within 
the Organisation Européenne de Coopération 
Economique to promote the advancement of 
management education, the spread of the 


all 
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latest technical skills and management tech- 
niques, and generally to facilitate an 
change of information. Yearly subscription, 
$12.— Agence Européenne de Productivité, 
Organisation Européenne de Coopération 
Economique, 2 Rue Andre-Pascal, Paris 


ex- 


POWDER-CUTTING APPLIED TO CON- 
CRETE—Describes the powder-cutting proc- 
ess in which iron particles, or iron powder 
as it has generally become called, are fed 
into an oxygen-cutting flame. Describes re- 
cent apparatus developments and new op- 
erating techniques which now make it prac- 
tical to powder-cut concrete in a wide variety 
of applications—Linde Co., Division of Union 
Carbide Corp., 30 East 42nd St.. New York 
17, N.Y. 


WRITING AND PUBLISHING YOUR TECH- 
NICAL BOOK—‘“Anyone who can write a 
good business letter has all the literary abil- 
ity he needs to write a good technical or 
professional book.” So begins this 50-page 
manual published by F. W. Dodge Corp. The 
booklet is written to help authors organize 
and develop their ideas for books. It answers 
a great many questions about the author- 
publisher relationship and it also presents 
many practical checklists for preparing ma- 
terial for publication.—Dodge Books, F. W 
Dodge Corp., 119 W. 40 St.. New York 18, 
N.Y. 


PLUMBING FOR FLEXICORE DECKS 
Booklet represents results of study with 
architects, engineers, and contractors to per- 
fect efficient methods of providing openings 
in Flexicore decks for plumbing and heating 
lines. Describes typical plumbing conditions, 
showing efficient methods of providing open- 
ings for each of these conditions. Includes 
details covering most typical conditions the 
plumber will encounter.—The Flexicore Co., 
Inc., 1932 East Monument Ave., Dayton 1, 
Ohio 


VERMICULITE FIRE - RESISTANCE 
RATINGS — Gives fire-resistance ratings 
vermiculite plaster, acoustical plastic, con- 
crete, and Type-MK fireproofing product. 
Lists latest fire tests including several made 
on Type MK fireproofing which can be ap- 
plied directly to galvanized metal and steel 
beams in one coat.—Vermiculite Institute, 
208 South LaSalle St., Chicago 4, IIl. 


on 


SCREED ATTACHMENT FOR PAVING 
SPREADERS (Bulletin SD-125)—Describes a 
screed attachment for concrete paving 
spreaders that eliminates the need for an 
extra finisher. Bulletin details one particular 
job on which the Model 5M screed attach- 
ment was used.—Sales Promotion Depart- 
ment, Blaw-Knox Co., Construction Equip- 
ment Division, Mattoon, II. 
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Membership in the American Concrete Institute 


To facilitate prospective members in joining the Institute, membership 
application forms are provided. Present Members may aid by bringing 
these forms to the attention of those who may profit from membership 
advantages. All who have an interest in concrete are eligible for mem- 
bership. The grades of membership are described below. 

Members have at hand in Institute publications the most complete 
fund of knowledge on concrete. The ACI Journal provides them with 
the latest information and ACI special publications provide them with 
the complete picture of specific problems. Through conventions, and re- 
gional and area meetings, they are afforded the opportunity of meeting 
those whose experiences provide the new information, and of exchang- 
ing ideas with them. 

ACI’s world-wide membership is growing in extent and participation 
—traveling a common road toward better, more economical and durable 
concrete structures. ACI provides a common ground in the search for and 
use of new “working tools” in concrete design, manufacture, and erec- 


tion—and its interpretation. 


-_- U.S. and Possessions, Canada, Mexico, 
Individual Members ( Central America, and West Indies ) $20.00 


Individual Members (AI! other foreign countries) 16.00 
Corporation Members 65.00 
Junior Members—nonvoting (under 28) 10.00 
Contributing Members 135.00 
Student Members—nonvoting (under 28) 

Please enclose remittance with application (cut here) 


Board of Direction, American Concrete Institute Date 

P. O. Box 4754, Redford Station 

Detroit 19, Michigan 

The undersigned hereby applies for admission to the American Concrete Insti- 
tute as (1) Individual [) Corporation [] Contributing (1 Junior —(] Student Mem- 
ber and agrees to be governed by the Charter and Bylaws. 


Name and complete mail address of proposed membership (Address to which Journal is to 
be mailed—please letter) - 
For Corporation Membership, ACI representative will be 


Date of Birth (Juniors and Students only) 
Year 


College or University attending (Students only) - 


(Date of graduation) 


Signature. 


For our records, please complete both sides of application. 
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NOTES on Membership Classification 


The ACI advertising and editorial departments need definite information 
concerning job title, classification, business affiliation, and principal re- 
sponsibility of all members. Thus, the information requested on the clas- 
sification form below is especially important. 


The applicant should designate his title or position such as: construction 
superintendent, research director, technician, draftsman, structural engi- 
neer, inspector, plant superintendent, highway engineer. The occupation 
of the applicant should be that which is most frequently performed. The 
principal responsibility of the applicant is that specific area of his job 
for which he is primarily concerned. 


Classification is not based on what interests you, but on what you do— 
what office or job you fill. When completing the form below, please 
check the one item in each section that is most applicable to that par- 
ticular section. 


ACI editors want to know your interests—they welcome suggestions as 
to what you'd like to see discussed in the ACI Journal and of the pos- 
sible sources, Please attach a separate note or letter. 


MEMBER CLASSIFICATION 


ae vero aad 


OCCUPATION (Check the one most applicable 
(}] Arch [] Engr [] Construction Supervision [] Plant Management or Su- 
pervision [] Teaching [] Student [] Other (please state) 


EMPLOYER 

‘a Architect ‘a Contractor a Consulting Engr = Engr Firm 2 Manufac- 
turer or Producer (specify product) 

Government [] Fed [] State [] County [7] City [] Educational Institution 


[] Commercial Testing Laboratory [] Public Utility [] Trade Assn [] Library 


[] Other (please state) 


PRINCIPAL RESPONSIBILITY (Check the one most applicable) 


[_] Design []j Construction [] Consulting [] Purchasing [] Sales [] 
vertising [] Research [] Administrative (state position) 
[] Other (please state) 


Do you [] Specify [] Authorize [] Recommend, purchase of materials or 


equipment? 
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BULLETIN BOARD 


NEW JOURNAL SERVICE 


Starting in June, you can run a l-inch (or 





larger) classified message like this (about 50 
words in 6 pt. type) for special notices. Read on 
for details . . . then send us your copy for the 
July and following issues. Forms have already 


closed for the June issue 











Looking for used equipment? 


...for qualified engineering personnel? 
... for new business opportunities? 


... for new clients? 


Beginning with the June JOURNAL, a new classified display section 
... BULLETIN BOARD ... will be at your service: to help you real- 
ize your needs in these areas ... and at minimum cost. 


BULLETIN BOARD announcements will be accepted in the follow- 
ing categories: Business Opportunities, Used Equipment, Professional 
Services, Positions Vacant, and Positions Wanted. 
These announcements must be at least one column inch, as the sample 
notice above. 
Rates per column inch are as follows: 
1-2 times 3-5 times 6-9 times 10-12 times 
$16.00 $15.50 $15.00 $14.50 

Box numbers c/o the ACI JOURNAL will be assigned at no extra 
charge. 
Deadline for Bulletin Board insertions is the 8th of the 2nd month 
preceding month of publication. For instance, the closing date for the 
July issue is May 8. No cancellations are allowed after the closing date. 


Your message will be read by more than 11,000 
readers—contractors, engineers, architects, offi- 
cers of contractor-engineering firms, engineer- 
trainees, government engineers, students, etc. 


Send your instructions today to: 


Bulletin Board P.O. Box 4754, Redford Station 
ACI JOURNAL Detroit 19, Mich. 
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ALPHABETICAL LIST OF ADVERTISERS 


(Page Numbers refer to News Letter) 


American Steel & Wire Division, United States Steel 
Colorado Fuel and Iron Corporation—Clinton Welded Wire Fabric 
Columbia-Geneva Steel Division, United States Steel 
Concrete Reinforcing Steel Institute 
Dewey and Almy Chemical Division, W. R. Grace & Co. 14 
Hugh F. Fenlon 51 
Forney’s Inc. 52 
Goldblatt Tool Company 55 
Jackson & Moreland, Inc. 59 
Johns-Manville 36-37 
Lehigh Portland Cement Company 41 
Lone Star Cement Corporation Inside Front Cover 
Master Builders Company, The; Division of American-Marietta Co. 8 
Presstite Division, American-Marietta Company 12 
Sika Chemical Corporation iv (flyleaf) 
Soiltest, Inc. 49 
Sonneborn Chemical and Refining Corporation, Building Products Division 35 
Tennessee Coal & Iron Division, United States Steel 42-43 
United States Steel 42-43 
United States Steel Export Company, United States Steel 42-43 
Western Waterproofing Company 57 
The Institute assumes no responsibility for the claims of advertisers. The ad- 


vertiser is made responsible in the belief that his place in the field will be de- 
termined by the public’s ultimate measure of his exercise of that responsibility. 











NOTICE — Change of Address — NOTICE 


To avert any delay in receiving my ACI JOURNAL, | wish to give notice of a 
change in my mailing address. (PLEASE PRINT) 


New Address: 


| 

| 

| 

| 

| NAME 

: STREET & NO.. 
; oy . 

| Old Address: 
STREET & NO.. 
——— 











Bigger... More Comprehensive 


| ACI BOOK 
| OF STANDARDS 


This newest edition of a long popular, au- 


1959 Edition 


thoritative publication now contains 15 ACI 
Standards, recommended practices, and 
specifications to guide you through a welter 
of construction problems. Expanded to 
376 pages 


Building Code Requirements for Reinforced Concrete 
ACI 318-56) 

Winter Concreting (ACI 604-56 

Hot Weather Concreting (ACI 605-59) 

Selecting Proportions for Concrete (ACI 613-54) 


Selecting Proportions for Structural Lightweight Concrete 
(ACI 613A-59) 


Measuring, Mixing and Placing Concrete (ACI 614-59) 
Precast Concrete Floor and Roof Units (ACI 711-58) 
Application of Portland Cement Paint (ACI 616-49 
Reinforced Concrete Chimneys (ACI 505-54) 


Evaluation of Compression Test Results of Field Concrete 
(ACI 214-57) 


Application of Mortar by Pneumatic Pressure (ACI 805-51) 
@ Design of Concrete Pavements (ACI 325-58) 


Specifications for Concrete Pavements and Concrete Bases 
(ACI 617-58) 


Construction of Concrete Farm Silos (ACI 714-46) 


Test Procedure to Determine Relative Bond Value of Re- 
inforcing Bars (ACI 208-58) 


Price: $5.00 
To ACI Members: $2.50 


ercrtre PUBLICATIONS 


A KK P.O. Box 4754, Redford Station Detroit 19, Mich. 
Ls Tit 

















1960 REGIONAL MEETING—TUCSON—OCTOBER 31-NOVEMBER 2 


THIS MONTH 


Papers and Reports 1097-1190 


56-54 ACI in an Expanding Role PHIL M. FERGUSON 1097 


56-55 Research, Building Codes, and Engineering Practice 
CHESTER P. SIESS 


Differential Shrinkage in Composite Beams 
HALVARD W. BIRKELAND 


Plastic Forms for Architectural Concrete J. A. HANSON 
Effect of Floor Concrete Strength on Column Strength 

ALBERT C. BIANCHINI, ROBERT E. WOODS, and 

CLYDE E. KESLER 

Performance and Design of Special Purpose Blast Resis- 


tant Structures ROBERT A. WILLIAMSON 


Current Reviews 1191-1208 


News Letter 1-64 








